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EFFECT OF TEMPERATURE ON THE ELECTRICAL 
CONSTANTS OF SOIL AT RADIO FREQUENCIES.’' 

By R. D. JOSHI, M.Sc., Assoc., I.R.E. 

University Ruscaidi vScliolar, Henarcs lliiulu T'nivursity. 

iRcitnvCd fot pitblhiiiion, laHuary ] 

ABSTRACT VariRlioii of Hirlcrtric' (oieTant and '■ondiicti\'il\ of soil \mi 1] tniiprtatmi' 
from . U to C af 1iij;h 1 Ikivl* Nceii di't^nninod hy subNlilntion nutliod 

by nieasitn’ii^^ llu^ rapai^ ilanci* and usistania of a < oiKicji.sct with dry sral as dit ha trir. 'I'Im »‘on- 
diicti\il\ uas Itaind to be ol (lit* ordt-i of 3 .] x n 5 p s n. at o‘T' and S':’ y jo-' at lo^'C'. 
riic \a1iiL‘ of tin ditdtadrii' rojistaiif \^a^ found In bo ab(Uil ,] o and it unnaiiicd faiib’ 
<^’oii:,faiil \\ itb rist of toIn])(.'ra(^t(^ I'Jio tcni]KTalnu* cooilK’ionl r)f (ondiu tivil v is lonnd to 1 m‘ 
j»o,siljvi‘ and tin valiio i.s j‘(j j)cr cent. fX'r deuror contigiade at 40® U and it iiua oasis wit )i 
tin' fio(|ucno\ It lias boon ooiu liidod lioin tin so (*bs(’rYali()ns and alsr; fioni sonio pn'vious 
U'siiKs that till' vfdno of ^ ondMol ivit\ of snil will bo Iiiidiei in siiininor and rainy siaison 
than ill uiiitoi 


1 N T RODTT CTION 

Tin- knowledge- (if the eleclrical constants of soil at liigli fminencies has 
heen fouiul to Ik; of consideralikMinportancc in Radio I'ligiiieering as llu-y au- 
the chief dements in ddeTiiiining the cllectivc ‘ Hcrvic’c area ’ of a Broadcasting 
Station. Conset|Uently, these constant.s of tlie soil and akso the dlcds of 
moisture, teiii]ierature and frei]Uency on these have I)een recently determined By 
various workers.' " I'he electrical jiropci'ties of Indian soil al vaiious 
radio fietpiencies and at various inoistvire contents have Been studied l^y Khast- 
gir and Scngiifita *' and lately by us."” It has Been sliown tliat the conducti- 
vity and dielectric constant coiisidcruBly increase with imhslnre content jnesent 
in the soil. Besides the moisture, the temperature also has a marked iunueiice 
(Ml the electrical constants of soil. A short account of the weak ol a few eaily 

investigations on this will be given below. 

Hopkinson " was one of the earliest investigators to sliow clearly that the 
absorption in a dielectric increases with temperutnre. I'ljc only considerable 
attempt to account for the influence of tcinpcratuie from <i Iheoi die al stand- 
point was that of Wagner."’ Prooeeeling from Maxwell’s theory of hiyer 
elielectric, and observations on a paper condenser, be concluded tliat the dfec't 
of temperature was to increase tlie rale of decay. Whitehead ' ' found that the 

^ CfHiiniuiiicattd bs' tbc Tiulian Pbvsical Soca^ty* 
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inlhiciu'C' of lemi)tTature was mainly in tlic variation of tlie conductivity and not 
the dielectric constant wliich chaiiRed by (miy a small amount as the temperature 
was increased. 

'rile effect of temi>erature on the conductivity of soil was studied experi- 
mentally l)y He found by tlie direct measurement with the alternating 

cnnrtail of a frerinency of ^so cycles per second that tlie conductivity was of the 
order of 7 5 Jo" e.sm. 'riie variation between — i5"'C. to 20' L\ >sliov ed that 
the conductivity increased willi lemperalure, and the temperature coefficicnlj of 
conductivity was found \o lx* about 3% per "‘C. Sniith-Kose'^’ has also shoAVii 
the above clmnge of conductivity at a fregnency of kc. [)er second. He 

measured the vaiiation from ~3''C to 30'X. 'Hie conductivity in bis cas=e was 
found to be of the order of lo'^^ e.s.u. and the tengicrature coeflicient of conduci\i- 
vily was y per 'bhe conductivity and dielectric constant were found to 

droi) suddenly near o'^C. It will be evident from the above investigations tliat 
the temperature has a marked influence on the electrical constants of soil. The 
effect of temperature on the electrical constants of soil slamld tlieicforc six-cially 
be found in llie tropical countries where there are many ] daces tlie temperatures 
of wliicli vary within fairly" wide limits in dillereiit seasons of the year. In view 
of this, the effect of temperature on these constants have been studied by us, 
the results of wliieh are recorded in the present communication. 


T TT C) R Y 

The theory of the method consists in linding the effective capacitance and 
conductance of a condenser with soil as the dielectric. In tlie early investiga- 
tions mentioned in the introduction the iiiclhod of reactance variation was 
mostly applied to find the condiiclaiice. This method, however, suffers from 
the defect that tlie current following in the tuned circuit cannot be made v^ery 
liigh as then it will react appreciably on the oscillator circuit which is assumed 
to be constant. Moreover, for finding out the cfiect of temperature the method 
is not suitably apidkable as tlie teniperalure of the soil hardly remains constant 
continuously for a considerably long time required for one complete observation. 
To avoid the above difficulties the substitution method has been adopted 
in the present work. In this inetliod the soil condenser is connected for a very 
small period as required to tune the citcuit to resonance and then it is dis- 
connected. For the small time required for observation the temperature of 
soil remains fairly constant. A simple analysis of the process is given below. 

kel A be the area of the condenser plates in sq. cm. and d the distance 
between them in cm. If the distance between the jffates be filled with the soil 
of conductivity (t , tlic resistance of the condenser with soil as the dielectric, will 
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l»e given by 


K ,=rf/<r A 


1 ^ I’f il 

A 


111 L.S.ll. 

-ITTf/ Ca 


If R , lie* iiiLMsui C(.l in dIiiiis, ] ta ^ huen doin’ in IIil' pruSLiit cxpiriniciil, 
Die coudiicti\'ity will Ik* - iven by, 


() X d ’ X •() 
rr — - , 

-RtC,R. 

TJic diclcK'lric coipstanl of soil will be .eiveii as nsULd liy K-C ./C^* 

\NlK-'re tlic capiicitance in /<// F of the condenser willi air as the 

dielectric, 

C , — the eaiKicitaiiee in F of the condenser with soil as the 
dielectric, 

tr= conductivity of soil in e.s.u. 


li X ]’ R K I .M I-: N 'I' A J. A K R \ N ( r 1-, M l{ N T AND ( ) H S Jv R \’ A 'lid N S 

The condenser for finding out the electrical constants of soil at liiftli fre- 
quencies consisted of tw’o iiarallcl metal discs of 5 5 cm. diameter wdiicli were 
placed a few ceiitiineties aj^art. d'his condenser with soil as the dielectric was 
kept in an air-ti^lit r^lass lube H, shown in li^nrc 1, which could be healed 
uniformly by an electric heater. The leniperalure of llie soil could be 
determined l)y the llicrniometer T- A resonant circuit (ly-Cj was coupled to a 
valve generator (H. F. O. Fig. j) emitting waves of the desired frequencies. 
A double jade double throw switch (S) connected the resonant circuit either to 
the soil condenser or to a variable non-inductive high resistance R. A jMoullin’s 
thermionic voltmeter (T. V.) was connected across the variable condenser io 
observe the resonance i>oiiil. I'he resonant circuit (F C) was tuned to resonaiK'e 
and the plate condenser in the glass tube wdth air as dielectric was then 
connected in parallel with the tuning condenser C and the circuit retuned. The 
decrease in the value of C at resonance gaveCa’ The i»rocess was rei>eated 
with soil between the plates of the condensei and the value of w'as thus 
obtained. 
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Kk'.ukk 1. 

To measure the eomlnetance of the soil the ciiviiit waslumd to resojuuu-e 
with tile unknown reaetanee of the soil eonclcnsei in the circuit and the readiuK 
of the thermionic voltmeter taken. The .switch was then thrown to the variable 
re.sistance R, the circuit retuned, and R adju.sted to give the .same rohmetei 
reading as found in the iJievious case when the .soil was in the circuit . The 
value of R was then equal to R,, the resi.staiice of the soil condenser. 'J'o find the 
constant at o C the tube B w'as immersed in ice and perfectly .sealed so that iio 
moisture could penetrate inside it. A special care was taken to remove all the 



Jo JO 40 SO io 70 90 ?0 '00 

i . iiipciatnr- in “ 

Figure a. 
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moisture from the soil before determinini; its eoustauts, us the coiuKiiser with 
moist soil between the jikites would l)ehave like an electrolytic condenser, the 
capacity of which rises with temperature- 'I'lius the true change of tlie capacity 
due to clian.^e in the constants of the soil -is dielectric would not be obtained 
with moist soil. The values of the electrical constants of the soil were de termined 
at diflerent frequencies in tile broadcast baud. 

riie curves in figure e-show the variation of coiuluctivity of llie soil with tem- 
perature at dilTerenl frequencies, 'fhere was no jierceptible I'hange observed in tlie 
values of dielectric constant as the temi>crature w'as increased. 

The lour tables below contain the values of the dielectric constant and 
conductivity of the soil at ditTeient tempeialuies for tlie four frequencies oli.sei ved. 
'file second column in each table gives the values of tlie sulcstituted resistance 
observed experinientallj . 


'fAiii.ii 1. 


frequency 1200 Kc/Sec, 


Tt iiJiKnilurc i 

Rrsi^daiUT* (Rj 

J)U‘l(t't7ic , 

(?(nitJn(‘l i\ i(\ (rfi 

in (k-jL^rcts \ 

in ftliijiv. 

('nnst;in( iK), 

i 

in (‘ s. iL 

' ' 1 

^7, V 1(1 

' i 

1 1 

.'1 ^ n)‘* 

( 

i.s 1 


! -i" 1 


i 

.V - j 

,1 ifif J 

1 1 
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7'ifh\ > Jir' 
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' 1 


V' 

H If 1 

,i',S i 

Sh iiS ^ X 
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1 

10 

i 1 

i 
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1 


1 4 - 

S' llMj X 7(,‘ 
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I 

M'75,S X J,,!. 



! 

S'X(S2 lO'‘ 

JUO 

1 35 . 

1 
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S X j(>r, 

J<-'5 i 

i 

1 

X Jf)'' 


6 


R. D. joshi 
'I'Am.u JI. 

l^'icqucucy Kc/Scc. 

.'itui (j Krsistaiuc (R.) Dickrlric j Conductivity i<r) 

in in »»lnns constant (Rt! in c. .s. u. 

rcn1ij;T iidc 


c 

r/),^V *0 

■1'*^ 

3 ‘484 X l(/> 


pf), c,rM ' 

■l‘i 




l‘i 

9 ’ 833 X 

■1’' 


-1'" 

7*i-!3 X 11)-* 



A •* 

7' 418 X i(/i 

1 

ho 

.|0,su(j 

1 

A'^ 

7-8,1 XI (.5 

70 

^ 3 y,y«* 

•fJ 
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80 

3(yoo(i 

-1 

8*083 X 1U‘» 

go 

■V'^.SOO 


S’ 189 X ](jf» 
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38 ,uo(j 

.V«'^ 

8* jg6 X io^> 


Tablu IIL 

Frequency 8i()\S Kc/Sec. 


Tciupcruture 
in devices 
cciitipade 

RcsivStaiK'c (K.) 
in ohuis* 

i 

1 )ick‘ctric 1 

coiivstant (K) ! 

1 

0 

oj,y>t> 

i 

.1.. 1 

10 

75,000 

1 

28 

50,000 

i 

40 


40 

30 : 


I'u 

1 

60 j 

41,000 

A'i i 

1 

70 j 
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I 

4 ! 

80 

39 * 5 “^ 

4 ‘T 

90 

j 37 . .w 

40 

lOO 

1 

■VO i 

lOJS 

1 

1 

4*0 j 


C^>nducli^ it V (o) 
in c. vS. n 

3 X lo^ 

X lo-’ 
h‘305 X lo^' 
7’o 8/) X iot» 
7 '4 i6 X 10^'^ 
y'bcp X lo*' 
7'78,i X 10^ 

7 * 98 ,^ X ipfi 

8 '4 09 X lu'^ 

.S‘j8() X loG 

8*i8g X 10 '* 
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Taiu.e IV 
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ill e s u 
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: 

4’ 'O j X n>-' 
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1- 
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■1-’ 

1 

1 ] 
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1 ^13/ 

; -r<> 
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hn 

1 .f )( >0 


, 7‘soS X 0 >'» 


.p,5n() 
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I 7‘3gS X lu'* 

S( i 



I 7 71.ixi<''’ 

go 

1 

i r>.M’o 


i 7'7,S4X30'' 

i 

300 

/l(j,5oo 

I .i'O 

j 7 7S]Xio^» 

T()3 

0,000 

40 

1 

i 7’S8i X 10'’^ 


S r M I\] A K V A N n Co N c r, TT s 1 o N s 

Dick-ctric coiistaiil and coiuluctivity of soil at radio fruquoncies have- 
determined experimentally l)y measurin^^ thu capacitance and resistance of a 
condenser vvitli soil as dielectric. 'I'lie change in the dielectric constant and 
conductivity due to temperature was note<l. 'I'lie constants were measured at 
different freciueiicies in the broadcast band. 'J'he value of conductivity was of 
the Older of lo'"* e. s. u- and it increased with temj»crature- [M)r dry soil the 
conductivity increased from a value of u”C to a value of 

8*2 X lo-'^ at I05®C. 

There is no apparent change in llie dielectric constants with rise of tom- 
perature and the value is nearly temperature cfieflicient of conducti- 

vity is positive and the value is 2 ])cr cent, per degree centigrade at 2o"C. It 
increases however, with the frequency of the impressed w aves. 'rhese results 
show' that the conductivity of the S(nl increases v/ith temperature and also it has 
been shown previously that it increases w’itli the amount of moisture j>resent- 
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T]ins it mny be coiickulcd that IIk^ values of conductivdty of soil will be higher 
in summer and rainy season than those in wiiitur. 

In eonclusiou, I wish to record my sincere thanks to Prf)fessor P. iJutt, for 
all tile facilities for carryinj^' out the investigation and to Dr. vS. S. 
lianerjee for his valuable suggestions during the progress of the work. 
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RAMAN EFFECT IN BORIC ACID AND IN SOME 
BORON COMPOUNDS 

Bv S. M. Ml I RA, 

Physics Laboratory, Dacca LIniversity 
{R<‘i I’ivnl III) (trbUiatinn. Novrinbri rt, ry.!7.) 

I’lale 1 

ABSTRACT. T lie yi«'.s tile rLsiilt.s nfitaiiiffl from (lii- fniUior'.s iii\i'.sli,i.;ntiiiiis oil 

R aiiuni cflu't in iKiiic ac iil ami ollioi liouili-.s. In flic case of (Iia lioric acid solulioii flic 
frtanicncics sis, and oSd cm and in (he case of llic soliil powdci 11a' frtaincncN KK.’ cm.'' 
in addition of llic Ino livoad lines a I ,1105 and y^(x< cm ’ due (o tlif vilnations of ( i-H, were 
obsenxd. rresumaliU llicrefon Ifjc na decide 1 !(( dll;, lias a .symmeirv f'a/i • 

'I'la. lesnlt-s obtained in the cn.se of inethxllioralc, ethvl 1)01 ale and Inityl liorali fiie al.so 
included in llic report. 

I N T R O l» r f T 1 O N 

111 coiitiiiiialioii of our in\ csliii:iti(in.s on llie Kimian effect in oi,y;mic tiiid 
iiioiRcinic conipoiuuls ' ver>’ recently we studied the Rtuntin speclra of boric acid 
and of a few lioroii conijiomids. 'I'lie preseui p;ii-er yive.s the report of the same. 

p; X I’ li R I l\f li N T A 1 . R R A N f'. P M p; N T 

The suhstanecs were studied eitlier in solid and liquid states or in .solution 
and they were all Alerek’s or Kahlhanin’s preparation further piirifieil in the 
usual w:iy. 'I'he method of illumination was virtually the stmie tis that of Wood 
ill the case of the liquids and the sohitioiis. 'J'he liquid for the solution) was 
put in the inner tube placed inside the outer jacket of the Wood’s tube. The 
whole wasclatuped upriyht and a vertical mercury arc lamii was plated aloiiRsiile, 
so that the light scattered at rigid angles emerged along the axis <if the vertical 
tube. The scattered beam was totally reflected by a total reflection prism on 
to the slit of the spectrograph thereby making the niaxiimnn possible illumina- 
tion. Tlie slit of the spectrograph was guarded from direct illumination by 
screens and practically the whole light that entered the slit was due to the 
scattering at right angles. 

2 
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y\t the ordiiinrv te/n]»c'/';iluru cold wntur was continna]]y circulated lliroiigL 
tlu‘ aiuuilar and at the liiehei tein]»cralurc Jiol water from a jar was con- 

liimally inadu 1 <^ i^ass by a siiiab pTiiiip, and two theruionieters at the inlet and at 
tile outlet nieasnreU the teinperalure. The continuous band of the excitinp, 
lielil was ('ul riH I»\^ addin, e. a little fluorescein to this circulating, water. 

d'lu‘ i>lates V. ei e all nieasuiLd uitli a Hilyer Iravellin.L’ microscope and the 
a\ • dcai.tdlis of the Ibamaii lines calculated by the welbknowii formula 

' L with the known niercnrv lines taken as staiidank lii 

V/-M. / ‘ ^ 

tile ease of stniie f)f tile jjlates rop] »ei lines wane taken as standard. \ 

1 n llie eas/' of till' solid pt>\\der the usual le('hni(iue of Ihe comi)lcmentary 
eoloiii Idlers was lunploved. 

R n IsTT b 1' S IN I > T S C t1 S S T f) N S 

/?<»//( Alariy wankers tried to invesiiiuite tliis compound in solution 

lull the intense' eontiiiiioiis baud due to the lluorevSCeuce of the substance sl(»od 
inlheii \\a>. Auauthakrishmm * wliile investieatiiie a few boron eumpoimds 
frniiid onl\ one fietiueiicy at 875 cm.^' in the case of the saturated ^solution of 
the acid. In enir present iuvestieatioii we also observed this eontinnous band, 
whieh was so slronc, that it jiraetically obliterated the faint Isamaii lines, but 
.IS in the' ('ase of i)hos])horie acid observed by Ililibeii, ' in arsenates and 
eha'erine observed I »y Ibe present author and in the amino acids observed by 
Wri.cht and bce,*'^’ it was found tliat t 1 u‘ addition of K 1 to the solution remewed 
this band to a considerable extent, 'fhe results of out measnieinents are ehen 
in the follow'iny, table and in ])lale I. It will be ew'ideiil from the tabk that 
wi' ha\e oliserved tlu^ following fre(iuencics, 'VK:.y Av .S15. ^ 

the case of the saturated solution of the acid. 

The siiecirum of the powdered solid shows a strong line at Av = SS2 cin.“\ 
the other lines found in the case of the solution could not be identified owin^ 
to the conliiinoiis liand- Tii addition to tlie aforesaid line "there are two broad 
lines at Av — 3105 and 3>?oo cin."'^ 


Tauuk I 

Raman fre(ineiioies in Roric’ Acid, 


IK )-K 



Snt),st.'au't‘ 

Porir Acid soh satnt ated at 70' C 
Unrir ficiM solid 


Cin.“* 

515 I S7.1 s 

88 j s i 3^03 


QtS 6 w 
3:.' 90 bs 


s— strong, w-— weak, b— broach 


Raman E0cct in Boric Acid and in .some Boron Compounds II 

nii.ylil consider tlie nioleciilc nf llie boric acid lo Ik aiialoi’ous lo llic 
j^cueral type of molccidc X^^'o pnn ided \ve treat tlie .moii|» ( Ul as a siiicJc nnil. 
Such a molecule eaji lia\e two types of symmetry C,, , oi U;; /, aeeoi din{vas llie 
slnicture is ))yra]nidal or eoplauer. The symmetiii' ]»laiie slnieliiie possesses fom 
vibrations, one totallv symmeliic vibralioii which is active in kaiiiaii eifecl but 
inactive in infra-red, one asyiimietrie with uspect to the plane of lliu molecule 
and active in infra-red lait inactixe in the Iv^iman spectnmi, and two donblv 
degenerate vibrations which are actixe both in Unman s|X‘Ctiimi and ni the inlia- 
red. In all, \vc expect three ficcjneiicies m llic case of the coplaner striiclme. 
d'hese vi1>rations a;e 515 ), S;.! and otSo cm." ' in the case ol the boiii^ acid and 
hence tlie acid has the synmietr}^ lb'./*- 

Another inleiesting fad is revealed in the table, vi the frcJiueiu y J'/v, in 
the case of the saturated solution which is due tn the totally symmetrit'al vi])ra' 
tion of the molecule HU )I1);., becomes SS ’ in the case of llie solid. Sucli an in 
crease has als(» been f(jund 1)y others in the cases of many org.anie and inorganic 
substances. As lor the vilaations .tuys and ;;..;oo enn"' obserxed in (he t\ise i»f the- 
l^owder, they jterhaiJs owe their origin to the viluatious oi i ^dl. 


OR (; A N 1 C P. o R A T Jv S 

In this coiineelitm we investigated a lew oigaiiic b(H‘ales, tlu* u'sults 
obtained are tabulated in the iollox-ving table 11. UTe ligiires within the liiaihels 
indicate the intensities. 


TaUUv II 


IMclJjyJ Iinuifc, Jitlivl h'J.'ilc llufvl hnmit 



(0) 


(0 






(21 



3 '- 

(.1) 


(ri 

'I 7 S 

(j) 


0) 



)/ j 

(O 


(lO) 

'h'l 

((» 

730 

(1) 



7 .S 0 

(J) 





S09 

(H 


(61 

S54 

( 0 ) 

Sgi) 

M) 





947 

(d 

900 

(2) 


0 .S 
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Taiu.k II icoiiid^) 


M( Uj 

l\ I 

1 lioralc* 

la it \ I Imm 


ifj/S 


ioc,D 

1-1 ) 

1CJ65 

IP 


ID 

1 (H>( ) 

LS) 



11 i:i 

0*1 

1 jS ( ) 

M' 


Ip 



131.S 

ID 

LOS 

I 1 1 




(D 

'.D" 

(61 




IS) 


IS) 

1/^60 

(51.) 


(2) 





(8) 

.^S\S8 

iS) 

2.S36 

D) 


(S) 

2SSo 

Ih) 


U2) 





I’CJll. 

I2I 

?r)X 2 

Ool 

2i>ln 



In) 




IM 


U) 





2yS6 

(31.) 

;>n.i6 

(n| 




It iniglit be inciilioncd here that the katnan sptelra of a few oi^/anie borates 
were investigated by joi:ileUar and 'rhatle‘‘ a iew years a.t^o and very leeently 
Ananlhakrislina' also studied the kainan si)celra nietliyl and etliyl l)orates. 
But tljcre is a i^reat disajiueenient between lliein as will be evident fioiii tlie table 
III where tile values for the nielh^yl and ethyl borates eibtained by Jo^lekar and 
Thatle and /VnaiithakTishnaii, toKether with those ubseiwed by the present 
author are ^iven. 


Taiu.e III. 


AU’lliyl i)nraU.\ • 


Ktliyl lioratr. 


AiUhi>r. 

J cS: '1', 

Aiiaiitlia. 

Autlior. i 

1 ! 

J iv T. 1 

! 

Anantha. 



ig; 

1 

240 

242 




! 295 

^73 

-95 

31S 


SiS 

’ MO 

3^3 

350 

6-0 

.18S 

52(1 

1 

1 

495 

413 




1 1 

1 

657 

531 




1 

! ; 

^15 



Ml'l’KA 


i’L\TF. I 



iFiinaii S|)(‘ctra ol .P<oiic. Acid. 

{./) Siihit.ifjii, Mil.urated at without [jolaKwiuin ioduif 

(li) Solulioti sidiiiralod at '■ with potahKiimi iii<hd«“, 
fc) Solution, Haturatcvl at with potaswiiiin lodidf. 
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111 {(I’lild.), 



Me tin 1 1 JOT ail*. 



i 1 1 IV 1 1 'Oi jlr , 


A llllli M . 

j T 

An.'iijili;, 

\llljlMl 

l.T, 

An. mill 

1 

72 (. 

710 

7 ’S 

i 

; 7 ‘7 

7 

7 ’’ ’ 




73 ‘'' 





1 

Nf u i 


: it ji ) 

‘^5 1 

N( )( . 


Sejd 

1 

' :> h J 

''ii 


1 

1 

1 

; ‘T; 

op 

'i-r/ 

jri^S 

id.b''' 

1 

j 10,^0 

i i 

1 03 ( / 

Jt.inj 



l 0 ( JO 


100- 

JIIJ 

11J.1 

«j: I 

; 

I 1 1 





1 

J j(jo 





1 

1 

1 

J"JO 





; i.'<vj 

J :' 3 '< f 

1 .'8fj 




1 

1 •’ 

J 3 . 5 S 

J.; 




J300 

i 

1 

M' )o 

I ]'iO 


1 

j J M" 

1 ilS> 

f.].)(j 




i J 

! ' 


l.lSo 




; j 




J '-)>,(! 

, I 


i 

1 

Pii'V 



vtc,S' I 

’‘’33 



y.y(\l 


j 

:».'-' 7 (» 




.'(.no 


;'oio 





2g.]d 


; 

?(^ 3 o 

-'O', ' 

^975 


^075 



‘"^7S 

2g^6 

30:1(1 


1 1 

i i 

! 

30.10 





1 

1 

3118 



We iniglit also consider tlie’ molecules of iiielliyl borate ri(( tC'Il . as 
analogous to the general tyi>e XYs, provided we treat tlie gronji ( iCII;, as a single 
unit. Sucli a molecule can have, as we have already nientifuicd, two types of 
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syiijinctiy C and acrordin^’, OvS the vStriictnre is pyramidal or c'oplaiier, Tn 
the fonner ease, C-, , ’* there should Ik* two totall}^ synmictric and two double 
deew'niatc vilaatioiis, all the four being active in tlie Raman speclnim. These four 
frequencies art identified 1o Ijc aJo, 31, S, 521 and ^ ijj tlie caseof thcmelliyl 
Ixu'ate, which conse(|uently has the vsymmetry ''C.jr-’’ Of tlie other frequencies, 
ToaSajid 1 11,: cm."* are probably due to the vibrations of a jCH;; group and the 
remaining fre(iuencies are to be ascribed to the hydrogen atoms. 

In c<Mi(*liision [lie aiillior thanks iVof. S. . lh>se for his kind inlerest in 
tlie work and Dr. Ik X. INTitra and J^rof. Dr J. C. ('.liose foi the chemicals and the 
spectrograph. 
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ON ANOMALOUS DEPOLARIZATION OF THE LIGHT 
SCATTERED BY BINARY MIXTURES 


Hv BIl^LNDRA KRISHNA MOOKI'RjFL 


I 


{Urn'ii'i'd /»/«!)//( u>, nn'i' ) 

ABSTRACT Tlu clisliilnilluii nf ink'iisilv in llii' “ *’ '»[ Hie R.u Inn- din’ to n 

I) iiinrv niixliirc nf ( ;md ('IfnOlI al tlu niln'al Sdlnlinn Itiiiiu luliin ;i‘ ujllirllu dt'iit tuI'ikh* 
of (Ir \alu(M)I f),, t)i llu liidit MjiHrnd )>\ n Minil.'ir inixhiH <»( pluiinl and vvatci nn (lir sluiju' 
of tlu illufiiiiiati. d \()Iiiiiu' ]iav( lu (Mi t vpi riiiu tilali}’ im isliyait d Tiic u Mills flrMiol m ( in In 
.support llu-tlimn nl toiiiiation of “ ilnslirs ” jiur f«T\vaid by IsiisIiiMii. 


I 1 NTkOT)TTCTTt)N 

Krisliiinii^ lias rccviilly obserxucl Hint the li^lil scnllcrtHnloiig llu* direction of 
lliL* inddciit (.'k'drif vector by some hinarv iiiixliirLS at tlie critical solution teiii- 
lier.atiire is polariml in a wav not cxiiected from the jiriniitive llicory of lii^Jii 
scaiteriiiy. Thus it is found that with llie incident vihration in the liori/ontal 
direction, the ratio of intensity of the horizontal com]K)nenl to that of the veilical 
may be as much as 5, while from the primitive theory of niolc'ciilar sc-alteriii)-. of 
lijiht, this should be unity. 'I'his anomaly has been explaijied by Krislman by 
assinniiifi that lai'tie clusters of niolei'ulcs are present at and ueai the ciitu\'il 
solution temperature, So that the fundamental assumption in the primitive theoiy 

that the size of the sc’atterinp particles is small compared to the wave-len.uth of 

incident lie’ll! cannot now be made. The theory of scattci inj^ by ]aij;e jiaiticles 
had already been developed by Loui Kaylei-hZ Mie.'^ and Shnlejkin.' and 
Krislman based his c'onchisions on the results of investi.iiation of these authors. 
Later, t'.ans,-’ Vrldjan and Kat.alinic'> have made theoretical investigations on 
the relation between values of factor of the depolarization and the shaiie and size 
of the scatteriniJi particles. 

The same subject of lipht scattering along the direction of incident vibration 
in binary lii'iuid mixtures has however been indciieiidenlly studied e.vperimeiitally 
by Rousset,^ who also observed the value of p greater than 1, and put forward 
the theory that the anomalous depolarization is due to secondaiy scattering. 
There is a fundamental diherence between Rousset's explanation and that offered 
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by Krisbiinn* Rousset does not assuniC- any ilefiiiik' si/x- of the scattering xxir- 
ticles l)Ul since he integrates tlie secondary scattering over the illununalcd 
Volume of Ihe li(|uid, tlie value of p depends on tlie shape of this illuminated 
volume. In Krishnaii’s thera^vy on the other hand, the secondary scattering^ is not 
taken into ('onsiduration at all, and since only tlie [namary scattering by large 
imrtich-s is considered tlie value of g should not dej)end rui the shape of the illu- 
minated \'olumi. It is e\ideiil llierefore that both the explanations cannot be 
simidtaneonsly t'orrect. It was, therefore, thought woitli while to Investigate 
experimi'iilally how the intensity of the wing accompanying the Rayleiyii line is 
aneet<.d l>y the Jormation of tlie so eallecl swarms ” in oj)aleseent mixfuies and 
also wlu.'ther the sha])e oi the illuminated volume of the mixture aetualkV affects 
tile ^^'tlue o| p, tlie* lador of depolari/.at ion of the light vScalteivd in the (lireetioii 
of the ineideiit lii’ld vectoi, and the* piesent investigation was theref(M-e under- 
taken . 

/\s mentioned befoie, the exiierimeiital study consists of t\ro pails : 

(A) In the first l»art is vstudied the u- ing of the Rayleigli line produced by a 
criliciil snlulioii of llirt-i.' paiih l>v t>f c'cirbon ilisiilpliidL' and one pari of 

inetliyl alcoliol, will) iiu idcnt unpolari/ed 

(11) In llic bccond jtait is studied (lie depolari/.at ion of the light seattered 
along the direction of the incident vihration for a critical solution of ,m'X. hy 
\vei'..;lit of i)licno1 in water and for different shai>cs of the ilhnninated volmne of 

liiiiiid. 


(A) oi the RoyJiifih line 

Until the Ihphds >H and were purifred by distillation in double 
bull IS. The solution of LAS, in Clbd^II was contained in a vertical glass tube, 
^ cins. ill diameter and occupied a length of 6 cnis. of the tuhe. A part of this 
tube was iinuiersed’iii a glass cell containing water and maintained at the critical 
solution temperature, vi:., about by placing a covered electric lamp below. 

The light from a llg arc was focussed on to tlie liipiid hy a large condenser and 

the lieht scattered in a periicndiculnr direction was si.ectroscoiiically analysed- 
A Fuess spectrograph having ojitical parts of glass and a dispersion of about 
ii-s X [icr mm. in the region of -1047 X was employed. The sriectruin w'as 
photographed on a (.'.olden Iso/.enith plate ard the microphotometric record was 
obtained by means of a Moll self-registering inicrophotonieter. The true intensity 
curve was then obtained in tbcusii'j’ -ay fro’n blackening — log intensity curves. 
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TAinu L 

liilensity nistribulion in llui Wini* for [he Ciilicnl Mixture 

es, 4 Cll,nil 


/Lr 

1 

?.i'o 

31 ‘5 


! 

5-5 

<';n> i :r.s 

1 1 

in nil ’ 



1 

liil 



■S.j-; 

i 



y.-; i 

1 

1 

i<r‘> 

1 



Im(U:KK 1. 


The intensity distritiulion in the wiii.u on tlic Stokes side is t^raphically 
represented in fi-iire i. H will be observed that there is an inflection in the curve 
at about 50 cm.-' from the centre of the Rayleifth line and the wmg extends to 

about 1^0 cm.-' On comimri.m the plate for the oi.alescent .solution with that 
due to a 5o'X, solution of CS. in CII,.. 01 I no notkeable change m the intensity 
of the wiiiK relative to the Raman line at 655 cm.-' was observed. 
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(B) Dcpolarizniion of JA^hi Scat I c red 'nt I hr Direct ion of Incideni 

I AghhVerior 

A 3/^% solution of Mcrcifs cryslallised j>]jenol in distilled water was taken 
in a rectan.i;nlar i^lass vessel which was kept iinniersed in water in a 
wide beaker* The beaker was electrically heated by means of some coils of 
resistance wire placed below and the temperature was maintained at about 65'^’C 
whicli was found to be the solution tem])erature. The light from a poijit-o-light 
lamp was made parallel by a convex lens and then a nicol was intcriiofeed in its 
imth so that the incident electric vector w^as hori/ontab I'hc light scattered in a 
perjjendicular direction in liorizontal plane was observed through a combination 
of a Wollaston double image prism and a nicol. For sei)aratiou of the two 
coinixments by the Wollaston prism a rectangular slit mm. x ^ mm.) was inter- 
posed in the path of the scattered light, and for better parallelism of the- rays another 
slit i)f the same si/e was interposed just before the observation nicol. 1'he ratio of 
the intensities in the horizontal and vertical comt)onents was obtained in the 
Cornu method by visual ohservatiem. If 0 be the angle from the horizontal plane 
to tile transmission j)lane (short diagonal) of the nicol when the two images are of 
equal intensity then 


Inlensdty of the horizontal cmnponcnt 
Intensity of the vertical componeiil 

The experiment was repeated with dilTerent shaiK'S of Ihe illuminated volume of 
the opalescent mixture. 


K n S IT L T S 


In one case the illuminated iiortion of liquid had nearly the shape of a cuIk* 
of sides :j\S cms. placed so that two parallel faces were vertical and perpendicular 
to the incident l)eam and the other faces made an angle qs"* with the vertical. In 
ihe other case the illumination volume was of the shape of a rectangular lamina so 
placed that the four narrow sides were all vertical and all the edges were either 
parallel or perpendicular to the incident beam. In this case, the sides of the 
rectangular lamina were 5 cm., 2 S cm. and cm. respectively. The ratio of the 
length to the thickness of the ractangiilar lamina was thus about 12. The mean 
of the several readings for the depolarization factor for the above two eases of the 
ilhuipnated volume are given in table II. 
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Tvlil.K 11. 

Vahn.'.s of foi two Din'croiil Sliapcs of IlhiiiiinatLil \'o1iiiik- willi Ci ideal 
Solution of I’licnol-t- Water. 

Slwipt' of lllnTnTnMtt.*tl X'oluiiu . fL 


I) T 5^ t' !■ S S 1 ON 

The iiiteii'^itj' distrilmlioii ill the Willi'S for luire CS^. and foi ,a>% mixture 
of CS . in Cff id the ordinarv 1enii_icrature is tiiveii in another jiai'er,'^ It 
will he found hi all the cases that there is an innectioii in the eiirw at ahout .so 
cni.“ ' h'urther the extension of the winj; in the critical solution is also the same 
as in the pure licjuid and in the ,so% solution. 'I'his shows that the lotation of 
the molecules which .eives rise to the wini; is not appreciably dimini.shed in the 
critical solution. But, if, as postulated by Krishnan, the molecules foim clusters 
of delinite .shajie and size, such as thread-like, then it seems that the rotation of 
the nioleenles in the.se clusters should be much hindered. 'I'hc ab.sence of .such 
hindrance cannot however conclusively iiivaliilate Krishnan ‘s theory, since even 
in cluster.s rotation about some axis may lx.- po.ssible. 

On the other hand the observation on the depolarization foi diflerent sliajies 
of the illuminated volume cannot at all be explained by Krishnan ’s theory. 
According to this theory the depolarization factoi should be the .same for all 
shapesof the volume illuminated, as it must, deiiending only on the shai>e and 
size of the moleeuler clusters. But in the actual experiments described above 
such divergent values as r for a cube and for a rectaimular lamina are obtained 
for the depolarization factor. 

This is, however, iiuite in agreement with Komsset's theory. According to 
this theory the scattering in the directimi of the incident vibration is <lue at the 
critical solution temperature, for the most part, to the re.scattering of the light 
.scattered from the liquid. At the critical solution teniperalure the isotropic scatter- 
ing is very high in proportion to the anisotropic scattering and the depolarization 

factor for the uatiiral incident light becomes almost zero, as shown by Kou.s.sct. 

Hence the light scattered in the direction of the incident vibration may lie supposed 
as mostly due to the secondary .scattering. When the temiieratiire is rai.sed, the 
secondaiy scattering diminishes and ultimaley the anisotropic scalcring 
predominates. Hence though at temperatures sufficiently removed from that of 


1 (appiftx.) 

.i 
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critical solution llic clc])olari//alif)ii in tijc direction of incident vilnation should l>e 
perfect, the depolari/zation at and near the critical solution tenii)erat\ire may not 
be so. 

For a deal unclerstandiuL; of the effect of secondary scatlerhiK, we shall <;o 
into RouSvSet’s c'alculation in some detail. Let the incident li.eht vibrate in the 
direction of the N'^axis w hich is also the direction of observation. Let tbe orij^in 
of co-ordinate be taken at tlu- centre ( ) of any volume element in the scMleriiiL' 
medium and let the polar co-ordinates for the centre M of any othei 'volume 
(.‘lenient liv be V • Consider lipht scattered from M to O. Vo\ this^ycsolve 
tlic lidit vector V of the primary scatleriii^.^ which vilirates parallel io t )V 
(iieelectinK anisotrojiy) into one compcaieiit, Vj, ])ei pendieular to the naiiridiaii 
plane throu.eh M and another V., laipeent to the meridian circle. 'Hiesc two 
com|H>nenls are resi>ectively laoporlional to cos f/> and sin coS and their 
ix-solved parts parallel to the and rv-axes are niveii by 

V I r = V cos (j) sin 0 Vj 

V:i.r = V sin 0 cos </> cos*-'" 0, . —V sin <j> siw 0 cos 0 

'The above coiniioiients are in i»hase and the square of the electric moment induced 
parallel to OX and OZ at (.), are proportional to 

I sin 0 cos (c os'^ ( sin f shi 0 


^y)],jre (h’ = r^ sin 0d0d<l>df, 

d'hus the intensity of the secondary scattering alou.u nV, resolved parallel to nX 
and nZ, are j^iveii by omittiiii^ a common factor in both, 

X^ — JJJ sill 0 cOvS‘^ fp siid 

V 

Z,N = JfJ siii'^ 0 coh^ 0 sin‘^ (pdOdfpcii 

V 

4 

w here the integral is to be taken over the illuminated volume V of the scattering 
medium and the suffix ‘y’ in the left denotes that the incident light vector is 
])arallel to 0\ . 

If the illuminated volume has the shape of a sphere w e shall find from the 
above formulae that X„ and Z„ have the same values as required by the 
symmetry- A similar result must also follow wdien the illuniinated volume has 
any other shape w hich on being rotated lliroiigh go"^ about the axis of _v coincides 
exactly with its original configuration. 
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the* illuiniiialcd x'olinnL* have the shape oj a lauailai disc eoa\liil \\\[\\ the 
Z-axis and w illi centre at < ). 

lyct the radius of the disc l)e R and its luaaht all 'Idle L\piesMf)ii loi X and 
Zv lieeunie easily inletu'ahle on traiisforiniiitt to I'vliiuliii'al polai eo-oidniates and 
it is found that 


X. 


Z 


R hui 


» ll 

R 


ir'll 
>1" I 11-' 


+ ll 


i I - 1 K 
II" 


R Ian 


11 

R 


R -11 \ 

R-N ir* / 


iM-oni tliese funiiulaeit will he readily seen Dial in llu ^et oiidai > seatlei iiie, 
the X :uid Z eompoiienls are not of e<]ual iiihnsily. 11, in paitieiilai, 
ll is supi>osed small conipaied !•* R, then the ahow smiplilies inl() 


nil I , II 

X. ( 1 -.{Uap 






and 


X. 


z. 


,1 lr>e. 


R 

11 


I'or R — loll the aliovc gives /' :::‘()o 

In the actual expci iiiients, however, of l\oussel, as also in the pieseni 
investigation, the illuminated volume was of the shape of a rectangular paiidlehe 
])il)ed. If 2(1, jh, -c fie the lengths of tile edges which aie jjarallel to l!ie co- 
oidinate axes along nX, nZ respectively, then the values (d' X r and Z„ , 

using cartesian co-ordinates, become 


X,, ~ Sj f *f ry"(x'' \ y- -1 J'j \i\dy(i:\ 

O ll <• 


and 




4 i i a “ V’‘'( \ ‘1 ' 1 - ') d \ (I yd 

o 0 n 


Calculating fur the case when * ^ , Ronsset linds that the dejjolai izatioii 

(( I o 


factor is 3*0. 
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'riic two results of Roussel’s theory, viz.^ (0 that for an illuiiiinatcd volume 
syiinnctrical aI)out the y-axis the depolarization factor should be unity and fn‘) 

that for the rcctaii;.>ular parallelopipcd with the dimension, ^ ^ , tlie depo- 

a lo 

iarizntion fatdor should be about are well verified by the present investigation, 
ll is to he pohited out, however, that though the volume in the first case, svlien 
/» — 1 was not strictly synunetrical about the \'*axis, the deviation from 
symmetry is not so serious as to materially alTect the value of = i. \ 

It thus appears that the anomalous depolarisation of the light\ scattered 
by binary mixture at the critical solution temperature may be a geometrical 
effect arising from secondary scattering rather than the effect of the formation 
of large clusteis of molecules. 


R K !• 1 C K li N C ]<: S 

^ R. S Kii.slinan, J'toc. hid. Acad. .SY., 1, .jii (iy;vl) ; 2, 
bold Rji\ Icigh, Scientific Papers, 6, 5 -'i 7 . 

(b ]Mit,/lmi. di\ rhys., 35 , 377 (1908). 
s W. Sliiilejkin, Phil. Mag., 48 , 317 (it)'.,’ 4). 

R. Hans, PUys, ZeiL, 37 , 91 (1936). 

V.. S. Vrkljan & M. Katalinic, Physih. ZeiL, 37, (lo.y*). 

7 A. Roushct, Thesis, 6R ^1935), Paris. 

^ S. C. Sirkar and B. K. Mookerjec, Iiid. Join. Phvs.^ 10, 375 (iij.Ud. 


Part li 

Krishiian in a recent paper* lias questioned the validity of tlie explanation 
pul forward by A. Rous.set (Theses, Paris, 1935) to account for the anomalous 
depolarization of the light scattered by binary mixtures at the critical solution 
temperature. The evidences cited by Krishiian seem not to be conclusive, for 
reasons stated below, 

T'lie first evidence advanced by Krishnaii against Kousset's theory is that 
the depolari/aliou factor p with incident unpolarizcd light for a critical water- 
isobnlyric acid mixture should be, on Roussel’s theory, Pu I “ 003%, while experP 

tost pait of tills papi I was wrilleii in April, 1037 hut could not be published curliei as 
It f.>rnuda partofllu ///( .s/sfnr the degree of M.Sc. Thi: second part was written on seeing 
tlic paper hv R. S. Krisbuaii (Proc. liid. Ac. Sci., A., 577, 1937)* 

]iu Ibis Part ue adopt for the depli)ri/,utiou factor the notation used by Krishiian* 
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mentally this is 1-5%. vSucli a statement is, lioucMr, m-t eorm-t. Ik-canse. 
firstly, the value •(103% is a miscalculation, the value calculated on Uous.sct’s 
theory with the data assiuiied by Krishnaii is not nov'.i but 'o.:s';u* Sceondly, 
the data assmned by Krisluian are a.uain not the coned ones, li will he hauid oji 
p. 77 of Roussel's Thrst's that the ex])ernneiilal valtie is foi the leiiiiietatim' 
AT = T“Tr.ni =o-i5’'( ' and not for the leinperalun' as slated b>' 

Krishnaii and to which the above calculation, a])i>lies. ( )n p. i ol 

Rousset's 77 K’.sr.v are ^i\’en the data for the Kayleiijli conslanls with while and 
blue li^ht for the water isobutyric acid mixture for llie temperature A'l'-- o-.i' C. 
We can take the same values for the temperature — 15' C without ssensibk^ 

error, and in any case the Ray leieh. constant for A'l'’"- o T5"t' should never be 
smaller than that for ^'l'~o*,|"C. 


Now 


ru = 


Hoi izontal comyioncnt 


Vertical component 

Disrcf^arding for the present the orientation scattering wa- can snpyjose the jirimary 
scattering as completely polarized. Then it follows that the horizontal component 
is due solely to the secondary scattering wliile in Ilu“ vertical com]»onent 
the secondary scattering is negligible compared to the primary scattering. 'I'lien 
we have, remembering that the primary scattering is bluish, 

_ I ^ Rwlnfi' ^ RhliU' 

Ph^ 

K 

= (from Rousset's data) 


while the experimental value is t'5 %. The effect of the oncntatirin s('al1cring 
will be to slightly increase the value o‘cj%, 

I'he second evidence cited by Krishnaii is that if, after Konsset's tlieory, tlu- 
econdary scattering is calculated by the forniula 


Ph ■ 


D 

OHhS 

where p,, — depolarization factor witli inchlcnt horizontal viliration, 

O = orientation scattering, 
vS = secondary scattering, 

then the secondary scattering is not found to vary at the same rate as the primary 
scattering (R) which it ought to have according to Krishnaii. both the above 
fonimla and the argument are however, incorrect. \Vc should instead have, 


firstly, 

» 


Ph 


^ n + xS 

O + vS 


where x is the depolarization factor of the s<:*coiidary scattering alone. Secondly, 
it is iiol true that vS shoulil vary as K. hut imleed as iu the ah.seiice of any 
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al)Snrj)tioii ill tlic jncdiuni wliilc actually there bein.i; greater and greater absori»tioti 
as the critical solution lcni|)erature is aiiproacdied the actual variation follows a 
niort' ('oniplicated laws 

d\vo other objections raised l)y Krislman relate to the dissyiinnetry of scatter- 
ing and the A ' law. 'Hiese points have been discussed ill detail by Rousset and 
sit isfactorily explained w itliout any recourse to the postulate of ''vScliwaniibil- 
dung.’* 

'Idle thefjretical variation of /»„ wdtii dimensions of the illuininaled volume, 
on Rousset's tlieory, is mentioned by Krislman, but not discussed tliereJtfter. Ilis 
\^alues as given in table TIT of the paper, however, shouts tliat Pu is the \same for 
two dilTerent shapes of the vessel, while according to Rousset's theory siK^b should 
not have been the case. Tn our experiment, on the contrary, as mentione^l in the 
first ])art, ivc louiid a ch'finilc vaiia1io)i of pu b'oin 33 % to tocCV, as the volume 
was changed from a rectangular lamina to a cube. 

d'he disiiersion of depolarization, as found from labh* TTI oi Rrishnan’s 
])aiier, is, however, in good agreement with Rousstd s ihcc.ay- hor the depolariza- 
tion factors pn,p> 1>e‘ing proportional to R it follows that these values for the 

hliic liKht sliould I'C y’'-"- times that for orim,p,L' lislil. • 

'I'lic variation of p„, p,, in the l)ack.moun<l scatlerin.e with distance from 

tlic centre of the track of li.uht in thi- medium is fomid for a critical iihcnol-hcxaiie 
mixture and also for an fjpalesccnt caesin solution, and it is thereby conchided by 
Krislman, that the two cases are similar- 'I'he table .eiven by Krislman, 
however, scarcely rdlow such a conclusion to be drawn. Thus Pn 0 >' 
the iihenol-hexane mixl>ne increases fiom 30% tn only .40'!;. when the slit is 
taken from the centre to llie periphery of the trnrk while for the case in solution 
the value increases fiom 4.1% to almost the full value 05%. For the same move- 
ment of the sHl p„ fni' file critical solution increases 0 times while that for the 
caesin solution increases i;, times and p, for the critical solution increases 0 times 
while that for the case in solution, 15 times. 

Tims the e vidences cited by Krislman do not allow any conclusion to he 
drawn as to the reality of the molecular clusters, while Ihc dcfinUr jnoof as to Ihc 
rxisicner of a considcuihh- sccondaiy scallciiufi clcaily shmvv in ihc appreciably 
iiluniinalcd hacky}CHind and the satisfactory explanation of all the oidical anoma- 
lies by its means eonslitnie a strong argument in favour of the point of view ex- 
Itressed in the first part of this paper. 

In conclusion I wish to express my grateful thanks to Prof 1). M. Bose for 
his kind inteiest in the work. My best thanks arc also due to Dr. vS. C. Sirkar for 
helpful suggestions and guidance, 

Paitt IvAnoiMTfvtv OF Physics 

Pmvuusitv C'()1ja:(^I', of Scifncf 
C'at.ct rj'A 
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ON THF. THEORY OI' LIQUIDS ^ 

By a GANGUl,! 

( (icr(‘tOVil fni /.ynh/icalitin, hchniattf 4 , 

ABSTRACT \ ituk ' ;il |i u ni oi ili‘ li ilml mu hiimi-.n <.l nmlicnlf' i' ms ( n ;iinl 

s Irjr lii|U)fls .111(1 Mjlids ,11'- (‘oh-hIi ii H. 

I 111' ( 1|(‘( S of 1 hi (hill Kill tiling 111 the })>>Un1i,il tikiiq ;i: •gviiiIa 1 .mik |i m .n f 

( ' 'Tisiifi. rod .'nid ,i ( in.'ilil .ili \ 1 \|)l.in iIm *11 of r< »L i1 mn in .‘iiid .1 iltds, \ im n-.h \ , jn i]\ nic 1 i'-n 

tiMii, loriiMtion o( uIh'tS, -( i ondni i si 1 11 c. ui o, < u .iioliriid 

\V lidi soiiii In jiiids lici s nil' s\ nniuTin i( I TimU ('ll 1( 'v, liiivi iln niK in nijiinr, ot i liisti, nni; 
of iiK dt I'liT's ;is ni sohdsj^ otl n 1 ■. 1ki\ ( vai \ itiL' ‘ o-oj dma( I' *11 luiinl xn . 

C i‘i ta in siinplilii d ( •\|)n ssit nis li >1 disl i diutioii 1 mu 1 ion, ( olmMoi), inU 1 ii;d Im i r \ 'm o‘ it \ , 

( t('., ciri' ii. \'iG\M d. 

Van ( l<. r \\\'ia 1 cxjii.ilioii is disiaosid at liii;-Th .nil (oli('‘-i\i loncs and \im'(imI\ rn i 
( idGiiJatrd lliurf fn jin . 

Soiiu 1 (dal inns foi \ isGosiiv, due to ^ iii/inan, \ndiad»' and ollii r>, and linn of n l.ivation 
art' (ihtaiiual in a sinijihlKd nianinn 


I^iquids dilfur, on tlic oiiu liaiid, Jrom .u^ascs wliicli Iiaw laiidom disti ilaition 
and on thu other, from crystalliiiu solids VN'hicIi hav e durniitu ucoiiieli iuai uoidii-u- 
rations. Some workers^ suggest a continuil\’ of the three stales oi niatler, jaessun 
and vohniie l>cing llie deleimining fai'lois. Witli deeieaseol Vf>lnini, inlei- 
molecular forces aie bioii^^ht into play, the molecules form rliisteus 
in the liijnid stale, the number of I'lnsteiine molecuhs ])i ogiessi\’elv 
increases and finally coriesiiomis to the co-oidination mmiln r of i»ailieular 
crystalline form. 

X'lay scaUeriiig proN'ides a nielhod lor delerminiiiy tlie distiibiii nm r)f 
molecules ni licinids Keceiitly statistical methods ha\e also been :ii>pliid and by 
suitable clioice of the form of interact ion poleiitial, distj ibnt ion cuim.s oldamed 
1 djiilgenoscotncally have been Iheoretieally leprodnced." 

We start with the distribution function for a canonical uismnbli of \ 
molecules (r""-s])ace) 
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tlu' syiiiljols 1 ki\ illy, IhcMr usual significance. The PLiiiiiltonian 

,^N i y-N-'i 

I- S \u 

i /-] 

the lattci Ik ing the ])Olcntial energy (excluding clieniieal valence force) and is zero 
loi laiidoin distribulion (idt'al inonatoinie gases). 

’ I 

I'or (I iiroper understanding ot the nature of liijuids a more thorougH e'Slnnatt' 
of the poteailial eneig\ is reijuired. The most general form of the boUnlial 
is \ 

I 

A , H \ 

Aj It, j]i and n being constants. According to Ia nnaKbJenies hor7 
and loor ji. Re('entlv' l.,ondoii ’ has shown fioiii quantum mechanical 

considerations th.at the exact form of the ]»otential slionld be as follows : — 

I e _ C' _ C" _ (1 ' 

"■ 

The above teims are respeA'tively due to repulsion, attractiem due to elispersion 
(involving ixilarisabilily and ionisation potential), induction (Delwe term), 
orientation (Keesoin elTecl—operative only when the molecules are peniianent 
dipoles), (luadrupole-quadrupole atti action, electrostatic attraction (for ions only) 
and null point emergy. Evaluation e)f the i)otential can ])e carried out for siin])le 
ni(»lecules, but diffiemlties are iinolved in the case of cennplex molecules. 

We shall now consider the effect of these forces. Potential energy is a 
measure of cohesion and hence, of viscosity, surface tension and heats of fusion 
and sublimation. With increase of jjotential energy, rigidity becomes more 
marked and in the case of complex organic molecules for which short range forces 
are of the same magnitude as valence forces^ instead of melting disruption of 
molecuies lakes ])lace, c.g., starch. In some cases the whole system of molecules 
may behaw as a singfe moU'Ciiled’ Tn fact rigidity depends iir>oii Hie ratio of the 
intei 'molecular to intia jnolecular binding. I'or the cases considered above this 
t atio tends to unity wliile fnj- intei'inolecular wt'ak binding lliis is small, the 
molecides being fi\e to im)ve and rotate even in the solid state, ‘ In some highly 
polymerised amoridious bodies (is.g , rublK*!'), simple imils held together by wx^ak 
van dc r Waal force may be split ui> on application of external tension (stretching) 
and thus give rise to smaller crystalline units. ^ Repulsive forces are operative 
at atomic distance and henee may not be so m.arked in the case of licjuids although 
it is an important fat'tor in the case of close ])acking of molecules in crystab 
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l<'oi- syiuiiK'lrical niok'Oiik'.s, licjiiids oktaiiiLd Imni iiionalnuni- y.a^, mmih.' iin>t.ils, 
molecules like CI1[, L -j;! 1 1 , , dircc'livc* loivc is absL'iil, clustiLnii.e concs(>oiKl^ 
to cubic' or licxa.eonai packiii.c atnl lieiuv the siinihuits between ciystallnie 
and liciuicl states as iiidicated by X-iay scattuiine. 'I'he mmibei nl molecules 
ill a cluster in the liquid slate may diiTer imdiT diheu'nl c ireimislatK es thus I'tvine, 
a wide raiq^e of co-ordination number '' Tliis vaiiation is laieel\ due to dinc'tive 
force which is exerted between asyiimu li uad niolecaiU^s (walei, ylyeei ol Jone 
chain com]K)unds, elcd which may consecjuently have iMc'ikrred caiennitioii and 
anisolrojjy and may cause the fc»riiialion ol liciuid ejAstals and niolc'culai 
association. 1 his diiec'ti\’e elfect is direc tly tnopoi lional to the dipole mcMiuait 
and inveiseh' l<» temperature and hence wdth decuease ol teini^eratnie, the 
ino'eased attraction will lead t<» the* imaeasc* cd co-oidinat ion minibei and 
conversely ^\ith rise ol lempeiatnre the molecailes ma\ lotate and llnis cause 
disorientation Kotation is fax'oured if the potential eneie\ and inonicait of 
inertia are b(»tli small. I‘or instance if v l>e the oseillalional qnanlnm mmihei 



'I'lic variat ion (jf co-ordinaticiii number in licpiids on the axerai^e leads to c ubic 
distribution and may e^xplain the intensit>' of X-ray scatterine, bv liquids. W'e 
may tlius consider tbe liciuid as cjoiisistiiie ot several kinds (d c’onrryin al ions. '1 1 r' 
most stable eonfiguration at absoluk zero (no rotation, but vibiation peisists) 
eorrespc aiding Icj nnnimimi pc^teiilial energy, will be ('loscd\ pac'ked ordi-ied 
arraiigciiieiit as in a crystal, the c/o-oidiiiation iiiimbL]' dc j»(‘ndiiig upon its 
geometrical form- With rise ol tenipeialniL decrease oi binding force w dl eau"--, 
rotation and lienee lead to disorder. At the Insicai ixmit liquids ma> haxe tlu. 
saiiic c'o-ord illation number, but molecules may be disordered, disorder may set 
ill even below fusion ])oint- With further rise ol teniperatme discader and 
decrease of CO- ordin at ic,)ii luiniber both may result. Hence one may consider a 
liquid as consisting of holes ' in the caysUilline arrangenieni llie deficienc y I'ansiiig. 
disorder and in some cases leading to a secondary structure, the ]H;nfdic'ily being 
repealed after a great interval.*’ The unit cell may tints consist of a large 
number of molecules- A sjiherical molecules witli large dipole moment may retain 
disordered arrangement to a fairly low temperature, and lieiicc.- tend to form glass 
or amorphous bodies-^ 
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Asa r(>i]^L'(iuc'iicc of rotation ''diiL* to (aiciiletl foice) licat of fusion decreases 
with rise of iLiiipoialnrt*. Al)nonnal rliaii;jtes of i»roi>ci tios sncli as S])cc'ific heat, 
dielectrie constant, visc-osils and magnetic siiscci)lil)ilily take i>lace at the 
transition ixiiiil^ The first two effects have been discmssc'd by h'owler and others.'" 
\hsc'f)sity nill increase in llu' c'ase oi asyninietric'al molecules and thus is akin to 
tile stiiu’luial \ascosity of ( )sl\\ aid * ^ in the case of colloids and lictuids. 
f'rystallinc* dianiaejietisni decreases due to the orientation of tlie , particles 
in the niaj^netic held as lias lieen found in file case ol licjuid eiystalsd ' 
The so-called si/e eficct on diamagnetic suscel)libiliL>' may also iKirtly be 
explained on the basis of onentation of disc or rod shaped paitiqles. As 
for the (-'Iher attracti^’e foii'es indnc'live efi'ect is least marked, while ypiadrU' 
])ole”quadi upole attraction is valid only for limited cases of molecules having 
peinianent dipoles. Tlie c'onloinh forces are also small at very short dislanees. 'J'hc^ 
“ ninl punk I ' energy is resi lonsiblc for \'ihration of molecules e\'en at ahsulute 
zeio and this nia> be large enough in some cases. Ileliinn remains an ordered 
iicjiiid even at tJie neighb(.)urhnod of absolute zero, sinc'e the null point energy is 
greater than the iatliee energy. * *' 

As already mentioned, evaluation of ]M)lential is i>osSihlL only for tlie 
siiiil)lest ea.-^es. Hence sev’eral smii)lilied relations have heen obtained 1 )\ 
se\ eral authors liy making suitable ai)[)r()Niinaiions. We shall hrieily discuss 
some of them. 

Ih/r simjile diatoime muleeules, the Hamiltonian iiiav ))e snp]»osed to be 
coni]>rised of translational, vibrational and rotational terms. A’ow intiodueiug 
(juantuiii conditions ue have for a single niolecaile (/c - siiaee) and taking into 
eonsidei atiun availalde volume, we liave 


k l 


innikTV 


./i.n /mI» (l’ “ b) 


I'oi the cMM- (>1 eiiudihriuni between vapour and licptid molecMiles 

-A'AA'/ 


Anmk'Vy 
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h.mkrY , -li./o 

I o I '*^1/ O J / ,/ i-ul 7 \ lit I 


'faking lotational and vibialional partition functions to be same in the two eases 
expressions for vatKJiir pies.-aire may be obtained.*^ 

Some authors are of opinion that the eqnaticm of state of a licjuid should 
involve the melting I'oint. Thus vSimon * ^ introduc'cs a relationsliip for inteinak 
pressure 
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wlicic a aiul ( aiu coiisLuiLs, I — j;/./'. c hns in most citstsllu' \ liami, 

MLiLtal and vSndiii^ introdnee a Rdncc'd lempci .ilnic 


e- 



(T, — c\ ilu'al \( in] 'L ralu! n) 


and obtain siinj)lijiL*d nxiaL'ssions lor stalio |mo])liIu's siu li as nioli^iadai vulnnu;, 
coin] nossil)ilit\' , snrlatn Innsion, l*U\ 1 liuldolslnn jioslulali s a simplirud law 
of foroo 


- ini /.. ) 

I uil “ /n )r 

wliLio / is lliL distance iK-lwccai ceiitiesol nra\it\’,a, h, /n me coiislaiils. 'Plie 

a1)()\L‘ reminds one of Morse’s cNpressirm lea ilk laikiUial ])i Ilnd 

delston has been a])le to obtain relation between absolnU leiiijH ratine and theinial 
expansion, laws similar to Tronloirs rule ami roiiipu ssibiiil\ al hi^di 
jji essurc. 

llie familiar \’an del W aal equation lias also been used by vScveral woiki-ns 
ill slndyin;.* li(|ni(,is. 1 Inis internal tnessine, eoliesion, viseositv and sin lace 
tension arc all fiiiictioiis of the available \oiniiie Huit the \’oliinie is the detei 
miiiin*; faetor for slates of a,ei;ree.ation has bee n t)retly weli c stahlislied. Tims 
X-ray vSeattering loi\cases undei pressure ic*sean]>le tliat foi li(|nids ami solids.'^ ' 
Molecular arrangement in a .^as under i)iessnre above eritical tem])uraliiiL may be 
similai tc) that in a ]i(juid. In fact v\ illi decrease in volume as a consc tpience ol 
increase of pressure, molecular inoLion becomes restricted until finally lire mole 
cnles will liecome ri^id Avlien tlie vrdume coi resj»oijds to tliat oi I'lose ]>ackiii,y . 
llie distance c)f nearest approaeli i — kid' h beiiye a eonstant and n the numbei 
of density, h'or ideal “■ 551 \\hile tor a xan dei Waal pas oi li(|nid, Ic 

111 volves eonstanls a and and increases nnlil Ijnally it apja'oaclies tiie limiting 
xalue unity, coi responding to elose cubical ]>aekiny.. 


If the internal [n essiue U , x\ e hax’c 



Nu\vJl>>/n Hence ^,— 11 — * 

Fair af^reenient betxvecn the values of internal pressure calciilate <1 froiii X’an dor 
Waal constant and the free space is obtained for several li<jmds as will be seen 
from table i- 
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111 view nf tliu complexity ol the fuices linolved, aLpeeiiielit heUveeii 

R^L' 

II aiul is salisfacloi \ . 'J'hus the above ecjuaticjii may he consideied to be 

\ — b 

an ai)pk«>^iin;iti<)n to the actual ccjiiatioii of slate for Ikjuids. 


Now as already mentioned liyidity, suifacc leiision, viscosity are iinvrse 
liinctions of tile free sjiace (V-b}. 'Rhese lelatioiisliips can be deduced in a 
simple mannei. TJie i i^;idily 


• {]aR = 


c 

V-b 


Again according to Maxwell's tlieory viscosity tj-iW (r is tlie lime of relaxation) 


c 

V-b 


The last is Batscliinki's relation. 
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A more exact expression for ij may ])c obtained as follows : According to 
vStokes' law, frictional force 


f = 47Tff]U 


Now the internal pressure J I — ^ =ty . ii being the innlecular velocity 

4 -T / 7 

and r the radius. 

Hence II ^ ( Jaeger’s Ivtpialion) 
u 


V’ u v — h u 


For small u (groat rigidity) and larger i, tj becomes huge. 

In the case of liquids thermal mf)tion is neither purely translattny as in ideal 
gases nor puiely oscillates y as in crystalline solids but lather a sort of jerky 
Iranslatoiy motion. We may introduce an analogy with unimolccnlar 

reaction wlocily, tlic activation energy 1{« to be overcome here is e(inal to the 
cohesive force between the niolecnles. We lliiis have Arrhenius ecpiation for 
the velocity coefficient 


k= Ae "“Fa/KT 




Plence »/ — 


jcj/yr 

cic —He 


This is the relation first olitained liy (juzman. - ' 

]\Jore rigid expressions for velocity ccjefhcieiil has been obtaincil by the 
autlior and others, *** considering two dilTerent systems having different 
degrees of motion. If we consider the vibrational degree f)f freedom suj»pressed 
dining motion and iiii extra degree of freedom due to translation inlrodncetl, we 
have 


, , ia'inA-’Tl” \ 

1 feT 1 

1 — ( — hv ^ 

y C h'V '[ T - c ;* 

1 >' \ i 

g-ni‘ 

1 ( ) 

,T 

//r ( 

~hv 1 

X ' J 1 

7' ^ ii i' 

h 

) 

r 

-r AT k 1 1 // 1 ' 

taking into (‘onsideration the null point energy. 

» u 

r 

1 \ 

Hencf = 

. 

’(T 

Nk-V^' (' '■ " ) 


t^ii 


The above reduce to the previous equation for largo T. 
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Wc iiuiv r)btain cxiUL-ssions for liiiu- of relaxation from the values of For 
Newtonian li(jnids 




du 
d ) 


S llie slium ini' stress. is i( lent ill eel with Maxwell’s lUjuatioii if S — G 

du , It T . In \ 

d t } T I \ 

uliieli is line Imin llie \'ery (K/ljiiitioi) of relaxalioji linie. 

'I'Inis G — IJ we liave r— ^ 

It 

a 1 elation obtain by bbenbeb We may similarly tleiive expression for 
(lillnsion eoirslanl wliicli ai’ani (U-eieases csxponent ialiy with temiieratnre. 
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ne w liiich are- due to latliec osn'llatioiis and tlie-se oscillations in qiiasi-cryvStallinc 
Kioups of niolccLiles present in tlie licjiiid state are also lespoiisible for the appear- 
ance of the \\inK at e‘oiMj)anyinL' the Rayleigh line due to lapnds Viiks‘'* next 
reported the results of the study of the Raman si>ee'ira of /i-dledilorobenzene at 
dirierent temperatures and assuming that there are two modifications 
of this crystal and that transformation from one modification to the 
other takes ])lace with tlie' change of temperature, he concluded that 

the positions of the new lines depend on tlie nature of the lattice. It v\as 
shown latei on hy the jneseiit aiithois/" liov\evcr, that the Lane pattern of a 
single crystal ol /^-dichlon -lienzeiic remains unchanged with the change of temv 
l)eraluje of the crystal, slu)\\ iiig there)>y that the lattice remains the same thougliV 
the j>osilions of the new Raman lines shift with such a change of tenij)erature. 
Vuks' next studied the Raman spectra of mixed crystals containing different \ 
proiJortioiis of /^-dichloro])enzene and /)-dil>roniobenzene and concluded that the 
new lines are due to lattice oscillations because they behave exactly in the same 
way as the “leststrahleiT’ frequencies and ol mixed ci^^stals of KCl and NaCI. 
vSirkai and lUsIiui ’ have lee'eiilly repeated these investigations and have failed to 
confirm the above conclusions drawn by Vuks. It has again been shown by 
vSirkur'' that according to selection rules, Raman lines due to lattuv oscillations arc 
forbitUleii in the case of crystals of naphthalene, y->-dichlorol.)en/ene and ^j-eJibronK)- 
beiizene. It lias also been pointed out by him that since the new lines obs -rved 
with these crystals are sometiiiies mure intense than the most intense Raman lines 
due to intia-molecular vibrations in the respective molecules, tliesc new lines 
('amiot be due to lattice oscillations. 

iMU'tber iiixestigalioiis have been made recently lyv the present authors and 
the Jesuits obtained in these investigations have bearing on the hypothesis regaid- 
iiig the origin ol the new lines ol)served in the Raman s])ectra of molecules in 
the s(3lid stale in the low-frequency region, and also on the hypothesis regarding 
tl.e origin of the “wing'' due to liquids. It is the piirpOvSe of the present i)aper to 
diseuss in detail ho^v fartliese lesulisas well as those of jMevious investigations 
lead to a deliiiile conclusion regarding llic origin of the new lines as well as (jf 
the “w iiig.'^ I’ait 1 of the jaesent pa])er deals with the (juestion ^\llether the new 
lines due to eiystals are in any way associated with the lattice osc illations and 
Rart II deals w illi the (piestion wdicthcr the ‘\viiig“ due to tlie liquids are in any 
way related to the new’ lines mentioned above, 

r A K T 1 

T 1 in: o R 1 < ; j N o i- r n k n k w r a ]\i a n l t n b s o r s b r v k d 

1 T 11 M c> L R: C U B a R cry vS t a h s 

The hyiu)tliesis put foi vvanlccn)y ('.ross and Vuks that the new Raman lines 
observed with organic crystals arc due to lattice oscillations can he tested in 
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various ways. First, when the crysta] stnicliire is known it can l)c easily ascer- 
tained wlielher Raiiiaii lines due to lattice oscillations are forbidden accordin^^ to 
selection rules or not. vSccoiidly, when any chancre is ol^scrved to take i)lacc in 
the proijcrties of the new Raman lines with the change of temperalnre of the 
crystalsjt can be ascertained by investigatiems other than tlie study ot the Raman 
spectra, wJicther the crystal stincturc changes w ith slid a change of temiieratine 
<n'iiot. Thirdly, when the same substance is known to exist in two diffeient 
crystalline forms it can be ascertained whether the positions of the new lines are 
identical in the tw’o cases or not. 

(a) Sclccl ion rules joi lallicc osi iUnfliJus in ]\aniLin clleel Lunin^l iU ii>un{ 
jor the observed intensiHes of (he nev" Raman lines 

As mentioned above, evidence has been put forward by Sirkar^ to show' tlial 
the new Raman lines arc very intense in some cases in which the Raman lines 
due to lattice oscillations are forbidden according to the selection rules The 
lesiills obtained w ith solid carbon dioxide recently by the inesent authors^ 
furnish additional evidence to this eifect. It has been observed that in the 
Raman spectrum of solid carbon dioxide there is a new line at 5S cnT^ liax'ing an 
intensity almost tw'iee as much as that of the line i^ySScm^'. 'Jlie ciystal 
structure of solid carbon dioxide is known 'I’liere are four molecules in the unit 
cell of the face-centred culhc lattice. 'I'lic jHjsitions of carbon atoms are at 0 o o, 
i 2 o, i o and o ^ and these points aie also the centres of syminelry. If 
the lattice through one of these points OvScillates against the rest, there 
cannot be any asymmetric restoring force and therefore such an 
oscillation can not produce any Raman line of such a large intensity as has 
actually been observed. Hence the observed new’ Raman line caji not be due to 
lattice oscillation. 

^ After the riiiiHiiuiiiciilion ()l 1 his pMper for inihliralioii, Veiiiccitcsw.nr.'iii {i 'lincni S'u'rno’, 
6, 37S, pat forward s< lint' sugj,t*stions n'gardiiig tlie origin of Mils in'\\ Raman Ii|i( 

of He has pointed out llial Uiis \\c\\ lim- may he due to ilexural os».‘illation of tlie laltiii 

wliieh iiiv'oh'cs tianslati<ma] as well a- angular osi-illalioiis f)f the mf)K Miles al)()iit e(|nilihiinm 

orientation It was pointed out long ag(i hv RrjiissLt [Jour, dr Phys , 6, 515, the inli ii- 

,sit\ ol Raman line due to tlie angular oseillation or to the hindered rotation postulated In 
Hhagavantani (Prer Ind.AiLui Sc 6.n 2935) is negligible. Veukaleswaran has not slated 

whether Hie flexural vibration posluIateMl by liim can prorluee such large intensity of the m w 
Raman line as ia actually observed, hut he has slrited Hint the intensity has to be vvorI<ed out 

theoretically. Before going into the theoretical calculations it can he seen from simple considera- 
tions, however, that the intensity due to angular oscillation alone is less than that due to the 
5-f>scillation (*'2) f>f the COg molecule, and as this laltei frequency is usually forbidden in Raman 
elfecl the line due to pure angular oscillation is also forbidden The translational component 
of the motion does iK)l i)roducc in this case aiiv change in polarisability, and ho the Raman 
line due to the flexural vibration of the lattice is forbidden. T’.em'e the intense new Raman 

line is not due to the flexura/ vibration of the lattice. 
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'I'lic R-ainaii s](c<. tri.i Ilf a I'eu more organic suhstanccsi vh:., lohicuc, xyicne. 
(mixture of o-, ni and />), < is and (noj.s dicliluro-etliylene and clhyknc dicldorido 
liavc hccii sindied in the solid ^latc at the temperature of liijuid oxygen. In the 
I'ase of solid toluene there is no intense new Raman line in the low freiiucncy 
legion though iheie may he a verv faint line with A r less than .'|o cm~'. The 
liieseiiee of this line could not he delinitely ascertained hut there is no uncertainty 
ahold llie ahsenee of any new line in the region heyond .locm"' from the Rajleigh 
line nil to ahold i.socin ’. 'I'he crystal structure of solid'^toluene is not knoVMi 
hut it (Mil he easily Seen that whatever he the arrangement of inoiecides inside the 
ciystal there cannot he any symmetrical restoring force when the lattice through 
one set ol molecules vihrates against that thiough another .set, hecaiise the^ 
molecule itself has no centre of symnietry. This is illustrated in figure i in which' 



the unit cell is assumed to contain two molecules niaiked A and H rc.siiectively, 

'file lesloring force on the side of the CH;, grou]) is exjiected to he different Ironi 
that on the dianieti icall\ opposite .side and therefore some change in polarisahilitv 
is expected to occur during the o.scillatioii of the lattice through the molecules 
niaiKed A again.st that through the molecules marked H vSince no new Raman 
line of appreciable intensity is observed in this case, it may he concluded that 
probably in the case of such molecular lattices no appreciable change in polaris- 
ahility lakes i-lace during Uitlice oscillations even when the restoring force is 
asymmetric, rrolnihly the forev is too small to produce the change in ‘ polaris- 
ability, 'fherelore in the case of centro-synmietrical molecules, c.g., /.-dichloro- 

and i>-dihromohem:ene, there is still less chance for the appearance of Raman lines 
due to lattice oscillations, 'I'he above facts seem to lend additional support to the 
N’lew that the intense new Raman lines olrserved in the low frequencies region in 
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the case of cenlro-syrnnietrical molecules in the solkl state are not due to lattice 
oscillations. 

The results of the investigation of the Raman spectia of crystals of sodium 
tartarate and tartaric acid made recently hy (hii)ta'‘^ further ci)riol)orate the 
views set forth above. He has (d)served that even when the ordinary Raman 
lines due to intrannolecnlar oscillations are lecorded with lart^er density in 
the spectrogram due to sodium tartarate than in that due to tartaric acid, there is 
no new Raman line in the vicinity of the Rayleigli line in the former case and 
then- are a few intense new Rainaii lines in this region in tlic latter I'ase. In tlie 
foiMiei case, as the lattice is i«)nic, tin- restoring force* is stronger than that in the- 
latter case in whicii the lattice is molecular, d'here is, therefore, less chaiu’e for 
tlie a])puai'ance of the Raman lines due to lattice oscillations in tlic latter case. 
The intense new lines ohserved in the latter ease, therefore, cannot he due 
lattice oscillations. 


( h) FJic of tJic ncio lines evt'n ivlh'ii ///c rr\'s/a/ slmrlun' 

rciuaii, s ilic snniv 

d'he hist attempt to prove that the positions of the new lines shift with 
change in the crystal stincture was made by Vuks.^' y\s already mentiemed, Ids 
conclusions were inH siU)ported by the results of X-ray analysis of the crystals of 
/>-diclilorohcnzene at different temperatures made by the i>resent authors. Tl was 
found l)y the present authors that the lattice of these rryslals remains the same at 
the two temperatures at which the positions of some of the new Raman lines are 
oliserved to be different. It could not be decided from the study of the Laue 
patlenis, h()wever» whether any change in the orienlatiun of the molec'ules takes 
place witli the change of temperature. ^I'liis question has been investigated 
recently by tlie present authors and the results are discussed below. 
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The crystal stiMK lures of ]f du Iilun)f)eir/ene luul />-dihroin()lx*ir/enc have hceti 
;mulyse(-l hy Hei)dri('l:s * ' Botli the crystals l)el()n;>- to the iiujiiocliiiic prismatic 
I lass and llie diiiie]]sif)ns of the unit cell are almost the same \n the two I'ases. 
d'lii f>rienlatioiis of the molecides In the unit cedi are, however, different in the 
two eases as slif)\vii in H^^aires 2(a) and 2{h) which show respectively the i)roicctions 
of the unit Cells of /^-dichlorohenzene and />-dil)romoheiizene. in the af (oio) plane. 

In llie t asi' of tliese Compounds containinp, tlie benzene niudeus, the directions of 
\'!Im ations of the liehf v’etdor for the maximum and minimum refractive indices 
lie respectively in and perpendicular to the plane of the molecule. In the case of 
/» dichloroheiizene tlirs..* directions are rcsi>e(dive1y i»arallel and periiendicuiar I9 
th • (I avis as shown in lirpue ^fa). Tf the m ile.'ules would rotate fiaim their ])osi- 
tn>iis showai in fiyure to occujiv the positions slmwai in fie.ure ■!(/)], then 

w'()iil<l not I)- any change in tlie lattice, Init the directions of vibrations rd the \ 
li.eht \ecloi for maximum and minimum refractive indices w'ould ('han^c and 
b'-M'ome as showm 111 tivuie 2{h). It is well known that in the case of moiioclinie 
eiyslals, the h axis coincides with the /Taxis of the ojitieal ellipsoid. Tf the rays 
jiass alone' the/^ axis, through the crystal, the directions of vilaations are alone 
the maior and minor axis of the ellipse AC A'C' as shown in fieni’e ;s. These are 
also the diiections for maximum ami minimum refractive indices respectively. 
Tleiux if tlie rays travel alone the b axis of this crystal, the directioiis*of vibra^ 
tions oI tlk' two eoiiipoiieiils in th - crystal are id(»ne the directions for maximum 
and mininuim refi active indices respectively* If the crystal be examined under a 
polaiisiii.e microscope, these directions wall be also the directions of extinctions 
if the iiicidc-iit likht [lass aloip; the b axis of the crystal. Any chaip^e in the ori- 
entation of the molecule wall cause a change in these directions of extinctions, and 
therefore, by studying the directions of extinctions at dilTcreiit temiicraturcs, 
it can lie decided whether any eliange in the orientation of the molecules take 
place w'ith the change of the teiujieralure of the crystal. 



c 


Figuke 

Sinyle crystals of /> dichloiobeiizcne were obtained by crystallisation from 
alcoholic solution. These were fairly thick plates bounded by (too) faces elongated 
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along r axis, no and 001 faces bdng^ also developed. The oio faces were not: 
developed in these crystals, but a pair of such faces could be obtained by giiuding 
the crystal with linen soaked in beii/ene. The crystal was then exLainined under a 
Teitz iKdarising microscope with the incident beam parallel to the ‘ h ' axis. 
At the room tein[)eralure (30'^t,') the directions of extinctions were observed 
to be paxTdlcl and i)erpcndicular to the a axis. The thin gkiss i)latc on wliiclj 
the crystal was resting was next ]>laced on a large jhece of melting 
ice. After about fifteen minutes the glass i)late containing the crystal 
was placed exactly in the same position on the stage as before and the 
cr^^stal was again examined (jiiickly under the polarising microscoi)c 
when it was still at the lower temperature, and the directions of extinction 
w’cre obseivcd to l)e the same as before cooling. The molecules, therefore, do 
not rrjtate w ith the change of tem])eralure and the oi ientation is the same at all 
temperatures as found by Hendricks from X-ray analysis. i\s it has been ol)‘ 
i^erved that the positions of some f)f the new^ lines as well as of the lines cm“' 
and 330 cm”' due to intra-nioleciilar vibrations shift slightly with the above 
change of temperature, it is evident that vSuch a shift is not connected in any way 
with tile crystal structure. 


(r) The Jicie lives do nol shift luiih chav^^c of crystal siructmc 

The results obtained in the i>resent investigation in the case of solid cis and 
Irans dichlornethylcne furnish evidence to show that the new^ lines do not undergo 
an.v clianges even when the lattice changes. It has been observed tJiat in the case 
of both these substances in the solid state at the tcni])erature of liijuid oxygen, 
there is a fairly intense line at 53 cm"*. Though the crystal structures of these 
substances are not known it is highly iirobable that the symmetry elements of 
the two molecules being dilTerent, the crystal structures are also different. Since 
the new Raman line ai)])ears in the same position in both the cases it is evident 
that the i)Osition of this line does not depend on the crystal structure and there- 
fore the line cannot be due to lattice oscillation. In the case of /raw5-dichloro- 
ethylene, again, as the molecule is ceiitro-symmetrical, there is some chance 
for the restoring force during lattice oscillation to be symmetric and therefore 
the Raman line due to lattice oscillation is ijrobably forbidden in the case. 


(d) An aUernathe hypolhesis le^^ardin;: the oiigiv of Ihc neio lines 

An alternative hypothesis regarding the origin of the new^ lines was fir.st 
jmt forward by vSirkar.'- It w^as suggested that these new lines might prol)ably 
l)e due to intermolecular vibrations in grou])S of molecules, there being weak 
electronic binding among different molecules in each group. Though no other 

6 
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(iiix-d (.V'idc'iicc fen- the presence ref such pr^lyincriscd groups has been put for- 
ward except some changes in the jeositions of ultra-violet abori)tion bands ob- 
served in srnne cases ^^ith the change of state, the pro])erties of the new Raman 
lines can )»e exi'lahied satisfactorily by such a hypothesis. If the strength of 
the Weak intennolecular Irnnd be ai>]>recial>ly afl'ected during intermolecular 
oscillations the change in polarisability is also ex])ected to be large and thus the 
huge intensities of the new lines can be accounted for. Again if these states 
of biiuling be (|uantised there may be two such probable neighbouring quantised 
.states in (he case of />-dichlorobeu/.ene and probably the transition from one to 
the other takes ]»lace with the change of tem])craturc or with the addition of a 
small (jnantity of impurity so that the strength of the binding is slightly alterec\ 
and crmsequcntly the frequencies of the Raman lines due to intermolecular \ 
oscillations are slightly altered. Also the shift r)f the line 305 enr'and 330 cm“’ \ 
with the change of lein])erature clearly shows (hat some change lakes place in 
the C Cl binding, becau.se these lines are due to C-Cl o.scillation. Again, accord-, 
ing (o the above hy]iothesis, the nature of the weak electronic binding among 
molecules should depend only on the nature of the molecule and if the same 
molecide exists in two forms, the strength of the binding is expected to be the 
same in the two ca.ses. Tims the fact that (lie frequency of the new Raman 
line observed in the case of < /.s- dichlorocthylene is the same as in theca.se of 
lutiis dichloroethylcnc is explained bj'^ the above hypothesis. Thus it may be 
I'oueludcd that though it is difficult to ex])lain the ob, served facts by the hyiio- 
thesis that lattice oscillations give rise to the new Raman lines, the new alter- 
native hy]iothesis of the exi.stcucc of wxak electronic binding among different 
molecules in groujts present in the solid state can explain all the ob.scrved facts 
fairly satisfactorily. It may be mentioned here that the binding being very 
w'cak, it may not be possible to detect its presence by x-ray analysis. 


TART II 

T 11 Iv ORIGIN 0 1- Till.: ‘‘WING’- A. C C O M P A. N Y I N G T II E 
RAYLEIGH LINE DUE TO L I f) U IDS 

It was first sugge.stcd by Gross and Viiks'® that the portions of the wing 
beyond 20 cm.“' from the Rayleigh line observed in the case of naphthalene, 
diphenyl ether, benzene and />-cfibromobenzeue are due to lattice oscillations in 
(luasi-crystalline groups present in the liquid state. They also drew the general 
conclusion that the major portion of the wing observed in the case of luiuids 
owes its origin to those lattice oscillations in quasi-crystalline groups. Such a 
hypothesis can, however, be tested in various rvays. First, if any portion of the 
wing due to a liquid be due to the lattice oscillation.?, this portion ought to b<; 



On the Origin of the New Raman Linens, etc 43 

absent or very faint in llic speclruiii of li^lit scatlercd by a <lilnte solnlioii of llic 
same liquid in a soh^ent wbicli itself does not produce any winj; of a]>i)reciable 
intensity. This questicni was ex[>erinientally investigated I)y Siikar^ and also 
by Sirkar and Mookerjee. ' ' Tliose authors studied tlie Raman spectra of solu- 
tions oi beii/xiie, in methyl ak'ohol and cycloliexane and of caibini disulphide, 
chloroform, xylene, acetone and chlorol)en/.ene in methyl alccdiol, the dilutions 
being such that the latio of the iiunil)er of molecules of tlie solvent to that of 
the solute varied from 5 ; [ to lo : j. In none of these cases any diminution in 
the lelative inteiisily of any i)ortion of the wing with respect to tliat of any Raman 
line was oI)servcd to take place on dissolving the liquid in the solvent and (ni the 
contrary, the intensity of the wing was observed to increase in some cases. These 
facts do not snp[)orl the hypothesis that any portion of the wing is due to lattice 
oscillations. 

vSecondly, if the wing and the new Raman lines have the same origin, there 
must be correspondence between the intensity of the wing and that of the lines 
and to some extent bet\\’een tlie positions of maximuni extensily in the wing 
and tliose of the lines. It lias been |)ointed out by Sidorova^'' that (1) in many 
cases there is correspondence between the intensity of the wing and that of the 
new lines and that (2) the lines si)read out and their positions shift as the 
crystalline binding is loosened in the liquid state. These conclusions have, 
however, been drawn from the results of the study of only a few substances and 
these studies are also of qualitative nature. It will be seen from wbat follows 
that results of detailed quantitative investigation do not support the conelusions 
arrived at by Sidorova fnnii studies of qualitative nature. The integrated 
intensity of the portion of the wing beyond 10 cm.”^ from tlic centre of the 
Rayleigh line relative to that of a particular Raman line in each case has been 
investigated by Mookerjee^^ for a few liquids, viz., acetone, xylene, carbon- 
disulphide, chlorobenzene and chloroform. The width of the slit of the spectro- 
graph used by him was about '0x5 111111, so that actually the slit was too iuutow 
to give the maximum intensity even in the case of a sharp Raman line in the 
.spectrogram. Since with further increase in the width of the slit the intensity 
of the Raman line would increase less rapidly than that of the wing, it is evident 
that with a wider slit the ratio of the intensity of the wing to that of a sharp 
Raman line would be greater than that obtained with the narrow slit. Kven 
with the narrow slit he got the values given in table I. The ratio of tlie visually 
estimated integrated intensities of all the new lines observed in each case to 
that of the particular Raman line which was used a.s comparison in the case of 
the liquid is also included in the tabic. These values are obtained from spectro- 
grams obtained by the present authors in previous investigations as well as in 
the present investigation. 
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well as tlic iK-w Kaiiiun lines aru intense, tlie intensity of the latter forms only a 
small i>arl of the integrated intensity of the portion of the wing beyond lo c'ni~’. 
S(mie evidence has again been furnished by some results of the present 
investigation to show that the new lines are almost absent in the case of the 
solid state tho\igh the wing is very intense in the liipiiil state. The wiug due to 
toluene is ve’-y intense as can be seen from plate II, but there is no new Kaniaii 
line of any ajipreeiable intensity in Raman spectrum of solid toluene. It has also 
l)een ol.)served that the wing due to liejuid ethylene dichloride 
is more intense than that due lo /runX'dichloroethylene but the new 
line olxserved at about 6o cm~^ in the case of solid ethylene dichloride at the 
tenii)erature of li(juid oxygen is very faint though the new line observed in the 
case of solid /ruii.s-dichloroethylene is more intense than the most intense Raman 
line due to intra-molecular vibration in this molecule. These facts show that 
there is actually no correspondence between Ihe wing and the new line as far as 
the integrated intensity is concerned. 

As regards the relation between the positions of the new lines in the case of 
the solid state and those of the region of maximum intensities in the wing due to 
the liquid state, it was first ])ointed out by vSirkar'* that in many cases the intense 
portion of the wiug is nearer to the Rayleigh line than the new lines observed in 
the solid state. Sidorova,'” however, has explained this discrepancy by assuming 
that as the lattice binding becomes a little loose in the liquid state, the corres- 
ponding Raman lines not only spread out but also shift towards the Rayleigh 
line. Consideration of the intensity of such lines .shows that probably such a 
hypothesis IS not correct. It is well known that the change in polarisability of 
indi\ idual molecules taking place during lattice oscillations determines the 
intensity of the corresiionding Raman line. .Such a change in polarisability lakes 
place only when the restoi iug force is asymmetric and therefore depends also on 
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the niagnitudc of this restoring force. According to vSidorova this force bc*conies 
smaller in the liciuid state. In that case the intensity of the corresponding Kaman 
line should also become smaller and smaller as the line would move nearer and 
nearer to the Rayleigh line owing to the weakening of the crystalline forces. 
Taking a particular example, c.^^, that of carbon distdphide, it can Ik- seen from 
lignrc 4 in which the distribution of intensity in the wing has been represented 
by the curve a, that the region of maximum intensity lies within 15 cm" ^ from the 
Rayleigh line and that the faithest edge of the wing is at about i2u cuTk In the 
case of solid carbon disul])hide at the temperature (>f liquid oxygen there are an 
intense new line at 70 cm~^ and another faint line at about <So cni'k If this 
intense line would spread out to form a continuous wing in the case of the li(iuid 
state, the intensity of the wing would gradually dijiiinish towards the Rayleigh 
line and the distribution of intensity would be somewhat like that shown l)y the 
curve b in iigure 4. Such a distribution cannot account for the actual intensity 
observed and shown by the curve u. 



Figukk 4- 

Again, if according to vSidorova the new line observed in tlie case of the 
solid state spreads out in the case of the liquid state, it can shift only towards the 
Rayleigh line and in no case can it move fmther away from the Rayleigh line- A 
considerable portion of the wing, however, extends beyond 8u cm"* in the case of 
carbon disulphide and this portion of the wing cannot be accounted for at all by 
the hypothesis put forward by Sidorova. 

Finally, in many cases the wing is observed to I)e very intense though the 
Raman lines due to lattice oscillations are forbidden according to selection rules. 
If there be so much freedom of movement of the molecules that the symmetry of 
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rtfcount of tlie fact that tliesc regions hitherto accessible only to spectroscopic 
ob.survations are now amenable to exi)eriniental investigation by the radio waves. 
Snell studies, for inslance, yield infoniiation regarding the number of collisions 
between electrons and neutral gas molecules taking place at certain measurable 
levels — the h and F levels of the upper ionosphere. Since, according to the 
classical theory, the frequency of such collisions depends upon the pressure and 
the teiniierature it seems possible to make an estimate of one or other of these 
quantities by making suitable assumptions. 

'I'liese estimates, however crude or rough they may be, when coupled with 
the knowledge regarding the constituents derived from study of the light of Ithe 
polar and non-polai auroia and also the possible temperature of the upper regions 
obtained from both s])ectrosco|nc and radio observations are extremely helplful 
in indicating the lines on which theoretical calculations should proceed for o^i- 
tainingthe most probable density and temperature distribution in the upiiermo^ 
layers of the atmosphere- 

Since the observational data from which such calculations were hitherto 
made weie only those obtained near the lowermost levels of tlie atmosphere, the 
results of pioneer theoretical investigators like Wegener,’ Chapman and Milne, ' 
Maris ’ and others, for want of any guiding information as to the actual 
conditions existing in the upper atmosphere, vary widely from oue another.^ 
flow gically the oalenlated results differ from those obtained from later obser- 
vation is shown hy the fact tliat in the pioneer work of Wegener in tqit we 
find that the upper atmosphere is .shown as cousi.sting wholly of hydrogen and 
helium. We now know from spectroscopic evidence that these gases are totally 
absent in the ujiper atmosphere. Again to take a ixirticular ease at random 
the atmosiiheric density at a level of goo km, as given lyv various investigators 
varies even by several orders. It is now possible to greatly reduce the limits 
of these micertainties if the results obtained from experimental investigations and 
obsciwations are taken into account before proceeding with the theoretical calcula- 
tion. 

hi the present paper an attempt will be made to calculate the density distri- 
bution of the gases in the niipcr atmosphere — above loo km. — by utilising 
the newer knowledge which we have recently gained from the radio experiments 
and from speetro.scopie observations. Calculation of the total (jnantitics of the 
diflerenl constituents which are present above certain definite levels will also he 
given since a kium ledgc of this is very important for ])roper understanding of the 
absorption of the differeut spectral regions of the solar radiation which are respon- 
sible foi luodncing the various ionised layers of the iqiper atmosphere. 

There arc two ideal cases for which calculations regarding the density and 
the composition of the uppci atmosphere can he made very simply starting from 
the knowledge of these fiuantities at the ground level. 
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Firstly, wc may suppose that the whole atmosphere is subject to turhulciicc 
which causes a thorough mixing of the const itucii Is up to the highest levels. In 
this case the average density f> at any level h is related to the density at the 
ground by the equation 




h 

H 


RT 

where H the height of the hoinogeneotis atinosphc*re is given by , M being the 

mean molecular weight of air. The calculation is quite simple if the temperature 
T is constant or if it varies linearly with height. But even if it is not so tlu‘ 
calculation can he made grar)hically if the variation of T with height is known. 

Secondly, vc may sui)imse that the atniosi>here is not subject to any distur-^ 
banco. In this case each constituent will be distributed according to Dalton *s 
law, /.c., the density of each constituent (x) at any height will be given by 


__ h 
IT. 

P.v—PXo.e 

RT 

where H*= , in.r bcinp; the raolecnlar weiftht of the constituenl (t). The 

111 .,.? 

total <lensi1y at any level will then bo H'iven by the sum of the partial densities 
of the constituents. 

T.hifortnnatel.v, however, neither of those two extreme ideal ca.ses holds pood 
for tlie entire atmosphere from the grotnid to the uppermost levels. At the 
lower levels there is nndotibtedly mixinp of the various constituents t)v\ inp to 
winds and convection currents. y\t the very hiph levels, on the other hand, it mipht 
he expected that the condition approaches that of diffusion ecjnilibrium under 
influence of pravity, he., the atmo-spheric constituents arc in equilihrinm under 
their own partial pressures accordinp to Dalton’s law. In order, therefore, to 
make an estimate of the proportions in which the atniosphei-ic constituents exist 
at various levels it is important to know at what level the inixinp ceases to be 
of importance and the dilTusive eriuilibrinin Iwpins to predominate. 

besides this there is another factor which further complicates the calcula- 
tion. Kxperimental oliscrvations show that the nature of the atmosjdieric consti- 
tuents in the middle and the upper atmosphere mipht he diflercnt from those 
in the lower atmosphere. We know now, for instance, that thonph no trace of 
oxygen 'in the atomic state is found in the lower alrnospherc speclrosco])ic study 
of the polar and non-polar aurora shows that atomic oxygen may be an important 
constituent in the upper atmos])herc. 

In order, therefore, to make an estimate of the pressure or density dfstrilm- 
tion of the various constituents of the upper atmosphere it is necessary to take 

7 
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iiilo ai'CoiiiU liotli tliese i'ac-lors. In what follows we will bei’in by making an 
esliiiuite of the level above which diffusive equilibrium begins to itlay the more 
iiiijirirlanl i>nrt. 


DTlM^nSToN IN THE ATMOSPHERE 

All thf carliui ciilctikilioiis on the distrilmlion of the ntniosplierie cons- 
tituents with hei'Jil are based on the assiiniplion that the atniosi)here, np to the 
lu\’el of the tifiiM>paiise, is tlioron.uhly mixed and that above this level the atnios- 
liliere is fiee from turbulence. j 

As a consefinence each coiistitueiit of the .was above tlie tropopause was 
assuiiK-d to be dislrilaited according to Dalton’s law. Tliis view is now generally 
held to be incorrect liecaiise observations show that winds exist at levels greatly 
exceeding tliat (jf the lropoi)ause. 

Now, in order to estimate the diffusion level it is necessary to solve the 
following iniporlaiit pioblem. bet the atmospheric gases up to the highest 
level be Ihoroiigldy mixed. If tlie atmosidiere is now left mulisturlied liow long 
will it lake for the constituent gases to be separated according to Daltmi’s law liy 
the sinudtaneous action of ditlusioii and of gravity? As far as we are aware this 
problem was first attacked by iMaris’' and later Iiy I'.pslein'^ folloviiig a difjerent 
metliod. Results of calcnkations of both the authors show that ecjnililn-inm will 
set in more rapidly at liigher levels where pressure is lou' than at lower levels 
wheie jiressure is high. I'lie fullowuhig talile show's some of tlie lesults olitained 
])y |^])Stein : 


Tatujc I 

Time for 5^*% diffusion. 
{AfLcr Jipstcin.) 
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Tlic tiiicsliou as lu the level from which dilTusive eciuilihrimu will Ix-.eiii to 
be important can be. settled by observations on the dislnibini^ causes. A.ssnniin;.; 
that the di.slurbaiice occurs i>criodically we may reasonably take llujt paiticnlai 
level us tile lieii^lil nl' the euiiimeiiceiiieiit of diffusive e([nilil)riuiii ul wliieli the 
time taken for aiipiceiuhle scL)Uiatioii of llie coiistitueiiLs is small eompaied with 
the period of the distnrhanee. Now, observations on meteor trails at hei,elils 
oi 70 or So kms. and also on mo\’ements of noetilueent clonds belw^'cn So and 
iO(.) km. sh<AV that these ret; ions are snl>ject to sti on.e winds. Calenlalions of 
both Maris and bvi»slcin show, however, that the ('oiistilnenls at this level if 
once mixed by tmbidence will take a lon.L' time — measured in years” to 
settle down to peree])tible diffusive ecinilibrimn. We shall therefore not lie Very 
wron.ii it we assnme that the lower limit of tile level ni> to which the atmosi>herie 
eonstiliieiils slioiild jemain mixed in nj(>re or less same proi)oilion as at the 
surface of the earth cannot be below 100 km. 

In order to estimate tlie ui)])er limit we recjiiire the knowledge of the con- 
stituents and teintJcratiires in the upper atmosiffiere and of any jieriodic' distur- 
bance to which it may be subjected. 


r ( ) N S 'J' T T U r: N T S O 1‘ T If Jv H V P !•: R A T jM ( kS P 1 1 P) R JC 

(')ur knowledge regarding the constituents in the up])er atmosphere is basi'd 
mainly on specti oscotcic studies of the light of the night sky and of [>olar and 
non-polar aurora. These give abundant evidence of molecular Nitrogen and 
atomic Oxygen. Presence of molecular Oxygen is sometimes advocated on the 
basis of the i>resence of atomic < )xygen. ff'herc is, however, no evidence (jf 
atomic Nitrogen. No indication of Hclinin w'hicli is jnesent in definite, though 
small, amount in the lower atmosphere has 3'et been found in tlie U]>per levels. 
The exisience of atomic ( )xygen in lai'ge pioportion in tlie npi>er atni(jsi>here is 
])(^stulaled by the iiresence of the famous auroral greeu line A 5577 with great 
iiiteusity in the light of the night vSky. 

The spectroscopic evidence of iirescnce of the auroral gieen line in the light 
of the night sk^^ does not necessarily indicate the presence of large proi)ortion of 
Oxygen in the atomic stale. A 5577 as well as the two other forbidden lines may 
be excited in the process of dissociation of O^. Thus when an Oj ion cajitnres 
an electron its constituent atoms will be raised to excited stales and the Ojj 
molecule may dissociate giving ()(^Dq) or 0 (^Sj. These excited atoms wffll 
produce the red and the green auroral lines. Again neutral O2 molecule wn'll 
dissociate by absorption of radiation of w’avelei}gtli <A 1750. One of the disso- 
ciated products is Oxygen atom in the excited D state which will give rise to 
A 5577. Thus it is seen that the presence of Oxygen ui molecular form rather 
than in atomic form is necessary for the production of A 5577 because according 
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to tlic alK)ve view the excited D- and P-slales of atomic fJxy^eii which arc 
c.-.*^ential for tlic pnKlucti<ai of the auroral lines can only be obtained directly 
from llie molecules. 

The jaesence of rather than O in the npi)er atmosphere is also supported 
i)V observations on tlie auroral speclrmiu This spectrum, as is well-known, has 
slroiiK nejJiative bands due to N.j. If the iijiper atmosphere consists of and 
( Kj then, if diffusive equilibrium sets in will be the major ctmstituent in the 
npl>ermost re^pons which are the first to rcceiw electronic boml)ardment for 
j»i odneiire the aurora. 

It should, however, be mentioned that aiternativc hypotheses have lieeii (put 
forward Irom time to time to explain the emission of the anroral lines directly 
from atomic ( )xyi;eii. lo)r instance, j\Jartyn and Pulley think that the election 
whicli escaijcs wlieii (.)“ combines with <) to form (>2 may collide with an Oxy^i^fn 
atom and raise it to an excited mctastable state. The probal_)ilily of excilati()n 
by sueli eleetroiiic collision is not very larf^e. In fact electronic eollisioii, in 
order to be efficient for excitation, must nut jiossess energy mncli larger 
than that necessary for the excitation. The escaped electron as described by 
Martyii and Pulley, possesses about volts energy whereas the energy needed 
for raising normal atom in the 1 ^-slate to the mctastable vS-state is volts. 
Consideration of the auroral si>ectrum also leads one to the same ^conclusion: 
This spectrum which is believed to be produced l)y electronic bombardment 
gives tlie A 5577 line very much weaker than the negative bands of Nitrogen. 

Another hypothesis regarding the production of the tbrbidden lines from 
atomic Oxygen mav also be mentioned. According to A. K. l)as‘‘ the forbidden lines 
may he regarded as due to fluorescence of the Oxygen atoms under the influence 
of dilute radiation. The forliidden lines being not rcsoiianee lines cannot 
directly absorb energy of the corresponding wavclengtlis from the solar spectrum. 
Atomic Oxygen may, however, by direct absorption be raised to higher excited 
slates and from these .states drop to the mctastable S- and D-states. According 
to Das the excited atoms by inelastic collision Avilh neutral molecules pi'oducc 
increase of lcm])erature of the upper atmosphere. 

Ill view of the above discussion regarding the constituents in the upper 
atiiKKsphere it seems that the presence of neither O2 nor (.) can be ignored. We 
have, therefore, worked out the distribution for the two cases, namely, for the 
upper atmosphere consisting of (?) N2 and O and (ti) Na and Oa. 

T It M r K R A T U R K IN T H R U P P B R A T M O S P H E R B 

ResariliuR the tcniperatme above loo km. it is now believed to be mneb 
higher in tlic F region than In the F region. For example tlie observed diurnal 
and .seasonal variation of the ionisation density of the F region can be explained 



Distribution oj the Conslitueni Gases 


53 


if a temperature of about i^oo'^K to i50o"K is assumed in the daytime. 

Again interferometer study of the width of the A5577 auroral ^reen line tells 
UvS that the emitting Oxygen atoms must have average velocity eoiies])oiuliug to 
a temperature of alxmt :2oon°K. Further, Ileliuiii which is known to exist in 
the low^er levels of the atmospheie and vvliich is being continually emanated from 
the helium fields of North America cannot be detected either in the light of the 
night sky or in the aunjial spectrum. This can be explained if it is assumetl 
that owing to high temperature (4^i2oo"’K) existing in the U]ij»er atmosphere 
the heliuiii atoms attain such high velocities tliat they oV'crcome the earth’s 
gravitational pull and are therefore continually escaping from the earth’s 
atmosphere. In our calculations, therefore, we have assumed that the temi>era“ 
lure starting from 3uo'TC at 100 km. rises linearly w'ilh height at the rate of ;]'’K 
per km. reaching a value of j too^'K at 300 km. 

1) I S T 1 1 R li A N 0 r: 1 N T 11 U V P V, R A T M ( ) S P 11 V) R 

Regarding the disturbances it has l)een more or less esta 1 )Hshcd by radio 
observations that the whole of the upper atmosphere beginning from the IMayer 
is sul)ject to both diurnal and seasonal heating and cooling, 7. c., to ex])ansion 
and contraction. We may, therefore, take the level of diffusion as that heighl at 
Avhich the time reciuired for perceptible separation by dilTirsion is much less than 
the period of heating and cooling, t.c., twentyTour hours. In round figures vve 
will take this time to be 10 hours. It is thus seen that the results of calculations 
of the diffusion levels made by Maris and by Kpstein cannot l)e utilised in the 
ui)per atmosidierc alxjve joo kiii. llecaiise neither of these aiitliors takes into 
account the possibility either of the existence of any consliluent in the ui>per 
atmosphere which is not found near the ground level, or of the disturbing effect 
of periodic heating and cooling. IMoreover the analysis of Maris contains several 
assumptions which cannot properly be justified. JCpsteiiTs analysis, on the olher 
hand, is not applicable in our case because he has studied the diflusion of gases 
which are present only in small quantities iji the atmosjdiere, so that the density 
distribution of the almosi)here is not sensibly influenced by diffusion separation. 
In addition, both Maris and Kpstein have assumed a constant tcmi)crature 
throughout the entire atmosphere. 


HEIGHT OF DIFFUSION LEVEL 

We shall now proceed to find the diffusion level first on the assumption that 
the upper atmosphere consits of molecular Nitrogen and atomatic Oxygen. In 
• order to do this we require a knowledge of the pressure and the composition at 
some datum level. This datum level we will take to be 100 km, which, as wc 
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liavf swn, may 1)l- taken as llic lower limit of the level up to vvliich thorough 
mixing may he assumed to have extended from tlie ground. The pressure 
at tliis level is now know n w ith some c-erlainty to be io ■’ mm. and temj)cratme 
.W)o"K. 'I'hese are obtained both from radio observations of collisional 
Iteqm iiey of eleetroiis with neutral gas moleeides and atoms in the li region 
and also Irom ealeulalions made by making eertaiii very pkiusible temj)erature 

']'1k* prus.surc uiid k*]ni)unilure at t)je daliinj It-vd known Ihu ruinposi- 

linn may be worked out. If the constituent .teases were and in approxi- 
mately lliu same proportion as ncai the ground level then the resj)ectivc nunil)e|-s 
of molecules ]>er c.c. would be 2-543Xio^‘’ and 6*063x10^^. As inenlionAl 
belore wc will first work out the distrilmtioii assuming that bchnv 100 km. th\ 
const it iient gases are N*} and ( )2 I)ut that above this level they are and ( ).\ 
We can make an estimate of the respective iiund)ers j^er c.c. of N2 and U just\ 
al)ove 1 00 km. from the consideration that all the ( >2 molecules are dissociated 
into O atoms. This would entail an increase in the total niimljer of particles per 
c‘.c. by 21-5'^ causing an increase of pressure. In order to maintain tlic 
coulinuity of jiressure across the vsnrfacc of .separation at the loo km. level w^e 
imagine the excess of Oxygen atoms tending to cause an iiiereavSe of pressure 
to have drifted upward such that the number of K o molecules per c.c. at this 
level is still 2'5/J3Xio^’' and that of O atoms per c.c. is 6-963 x 10 This 
assuinpliuu also maintains that the lobd number of N2 niolecules al)ove 100 km. 
is the .same after dissociation of 02 as before and that the total niniiber of (J atoms 
above this level is twu’ce that of molecules above this level before these w^ere 
dissf)ciated. Actually, of course* the changc-(;ver of the constituent gases takes 
X>lace gradually and theie should, in ehect, be an intennediate region w here 
Na, 1 >2 and O are siimdlaneously present. 

With these assum[)liuiis regarding the conditions and ccniiposilion at the 
datum level and the temperature distribution in the uj>per atmosphere w e laoceed 
as follows. We first find the lime taken l>y the constituent gases of a thoroughly 
mixed atmosidiere of two gases to be separated according to Dalton’s law by llie 
simultaneous action of diiTusion and of gravity. 

The inunber of molecules (N of gas (i) diffusing upward in unit time 
across one s<t. cm. of hori/.ontal i)lane at level above the datum level is given by 


(NiJ 




(i) 


wdicre 711 is the molecular density of gas (1) at level s and D is the cocfticieiit of 
diffusion given by 

r34 + 

3 * n 1 + 71 2 


D 


(2) 
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where 71 1 and M 2 are tlie molecular densities of the two yases, are llicir 

mean free paths and ^;l, ca are their mean molecular velocities, all these quantities 
being referred to the level z. 

The molecules of gas (i) will sinmltancously experience a steady downward 
velocity due to gravity. Tf this be then the number of molecides of gas (j) 
coming down across one sq, cm. in luiit time is given by 

(N , ;) ^ = r, Hi , ... (3) 

The lotnl nuinlxT of molecules goiiiL^ ui)vvar (1 across one sq. tun, in unit time is 
therefore 


(N, ,) t = - 1 ) n ni.. ... (4) 

111 the case of a linear .^ratlienl of temperature, as we have assumed, the 
total number of molecules ^ (— i « + n>2z) per t\c\ under the condition of 
thorough mixing at level is given by 


n I 


np 

i + (X2: 

Hi) 

I fX- ’ 


- no (T + <xrj) 


aT„R 


(5) 


where is the total numl^cr of molecules per c.c. at datum level, 


g is the acceleration due to gravity at level z which we aSvSume to be the 
same as at ground level, 

M is the mean molecular weiglit of the gas with composition as at the 
datum level, 


R is the universal gas constant, 

T(3 is the temperature at the datum level = 3oo'"K, 

cx is the coefficient of increase of temperature with height above datum 
l(?vel = ^ X 10 ^ degree /eng /deg, in our case. 
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When cquilibriuiij is attained under the joint action of diffusion and gravity 
wf have 


Nil =0 


«j 


- -1 

nio(i + «~) andnsi 


«ao (1 + 0 ( 2 ) 


( 6 ) 


Mi and M.j l)cing tlic niolrcuhn weights of the constituents (1) and (2). 

Suhslituting apitrojiriate values in equation (q) we find, for equilibrium condition, j 

T, //M 1 + o(^l'o R 

o = 1 ). i — 1L_. n 1 , - V , H , , 


or 


_ gM,+aToR 


F,(|unlioii (q) may tliercfore be written in the form 


(N,,.) + 



jgM I + a'i'oR 
R'l\ 


111 


( 8 ) 


It is obvious that with the progress of separation by diffusion amrgravity, 

'>M c, A] ,, arc all changing aucl lienee the nature of llie 

O;: or 

variation of N 1 ^ (orNo ) with dilTusion separation as given by equation ( 8 ) is 
veiy complicated and beyond our present knowledge. An api)roxiniate solution 
has, therefore, been alleinpted on the following line, 

Let us call the fractional diffusion at any stage of dilTusion to be jj. 'I'heii y 
ivS the ratio of the total number of molecules of gas (i) [or (2)] that have gone 
upward at any stage of dilTusion to the total nuiubcr of molecules of the same 
gas that must go upward for complete equilibrium. Tlien since Ni^ and 

hence rii ; and depend upon fj and vice rcisa we may assume 


(«ic), = (ni.),=o 


-PlV 



and similarly for gas ( 2 ). 

It is evident that ij varies from o at the beginning to i at equilibrium condi- 
tion. From boundary conditions the values of and 0, and also of Pi and 
are easily determined, h'or example, to evaluate Py we have 
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(«..) 


V = I 




V 


- 1 ) 


-^1 


OI' 


U j ,|(l -I- "z) 


sMi 

cTjR 


«lo(l + 


£M 

aTjR 




or 




aiQK 


In tlu' same \^ay e 


A>M + aToU 


Having found />o, 0^ and 0,j the vahic*s of ?ii , n 2 t, 

all found (ml and lienee tlie rate of separation N i r is delenuined for any stage 
of diffusion. 


'1\> find out llie lime leciuired for a certain percentage of diffusion we take 
recourse to graidiicai inlegration, Tlie variation of v from o to i is divided into 
ecpial intervals of o*i and tlic values of Nj < for »/ — o, 7/ = 0 ’i, u2, etc., are 

calculated. 'Hie values of N i . for ii = o and for Tj==^on give us the mean value of 
N 1 , foi the interval ^? = o to = 0*1, v.f\, for the fir. st ju% diffusion. Now the 
total number of molecules of gas (i) to be separated for complete diffusion 
is given by 






^ 77-1 


X total number of molecules of gas (i) to 
j)roduce unit lacssurej 


where , is the jiartial pressure of gas ( 1 ) at level ,'2 and hence the lime for the 
first 10 % diffusion is easily calculated. vSiinilarly, the limes for the successive io% 
diffusions are found out. 'i'lie total time required for some 8o% diffusion is then 
calculated .for various levels. Table 11 gives the results for some typical cases, 
the heiglit.s being rechoued from the ground level. Column i gives the times 
for an upper atinospheie consisting of and U and having a rising tem])eiatuie 
as assumed above. 

Similar calculations are made for an ujiper atmospbere cousi.sting of Ng and 
Of Column 2 , Table 11, give's the results on the assumption of a gradually 
rising temperature as in the case considered above and Column gives the results 
for a constant temperature of 30 o°K above loo km. 

8 
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Tabi.e II 

Time for 8o% dilTusioii. 


Height 

1 0 1 

N-i. Oa 

I Na. O2 

(lcn)J. 

1 Rising lemperiUuiL . j 

Rising temperature. 

1 Constant temperature. 




! 14- 12 htmrs. 

•75 


()S-26 hours 

i 

5'53 .. 




! 0*46 ,, 

1 1 



io(»9 ,, 

i - \ 

250 

17 47 hours 


1 

30c t 

T<-)X „ 



ys'* 

3'(’7 .. 


i ■ ... \ 


U will l)e scull ilial on the assumption of the ni)ijer atmosphere consisting of 
Na and O and of a linear increase of temperature with height above loo kiii. the 
time for So% dinusion at ^^50 km. above the ground is 3 67 hours. The consli^ 
Hunts ma>’ therefore be assumed to be in diffusive eiiuilibrium above this level. 
It is also found that at a lieighl of 175 km. there is only about 30% diffusion U\ 
10 hours and consequently the constituents may be taken as nioic or less coin- 
lilelely mixed up below this level. In the intermediate region betvvcen 175 km. 
and 350 km. there is only ])artial mixing. 

If the constituents in the upiicr atnios])here are assumed to be and (>2 
then the corresponding levels are 250 km. and 175 km. respectively on the 
assuni])tioii of a rising tcmj)eratnre and 173 km. and 150 km. for a constant 
lemperalnre 300 ^’K. 


TAiaac III 

Percentage ditfnsiun at vaiious levels after to hours, 
(linear gradient of temperature.) 


Height (kin'i 

N 2 , 0 

(h 

JOO 

0 

0 

1-^5 

3\S% 

2-5% 

i.So 

TO 5 ., 

9 „ 


^3 .. 


-50 

71 1 . 

95 .1 

300 


Xiractienll 


91 M 

complete 

400 1 

e ij u i 1 i h r i u m 
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Table III j^ivcs the percentage of diffusion at the various levels 
when diffusion has progressed for lo hours. Tlie couipositii)n and 
pressure at this time at the various levels arc then easily calculated from the 
knowledge of the con esponding percentage of diffusion. Tables IV and V give 
the partial and total pressures at and amounts of gas at N. T. T. above the di* 
fferent levels. It may be remarked that these values are higher than those obtain* 
ed by previous workers. 

It is certainly interesting to note that if the constituent gasses are Nm ami () 
and a rising tcm])eralure is assumed then the total pressure at a height of .250 
km. (average F layer height) is Ox 10"' mm. On the classical theory this would 
correspond In a collisional frequency r— 7’^ x lo" of electnms with neutral gas 
molecules and atoms. Tliis agrees fairly well with that (1*5 ^ lob obtained for 
the F region by radio methods- 


TAnrn IV 

Partial and total juessures at and amount of gas above different levels. 
CompOvSition — N;. , (); rising temperature. 


Ilcighl 

(km.) 

Partial pres.snrc's (nun.) 

'rolal pressure 

Amount of gas U'ln.) at N.'1‘ P. 

Na 

0 

(nnn.) | 

i 

1 

Ns 

0 

100 

. ! 

7*85 X 1 

i 

205 X 10 "^ 

I'OO X 10 3 

(.•85 j 

0*41 

125 

1 

1 

8*96 X 10"^ 

2-54 X 10"6 

1-i S X If) 

976 X n)^a i 

1 

4*84 X lu 

PSO 1 

1-62 X lo'B 


2*16 X 1()~5 

i-76x]f)“2 

1 -02 X 10 2 

2‘)0 

1-02 X 

1*03 X ](»“ 

2'05 X J() fi 

] -11 X 10^3 

1*97 X JO 

2 SO 

I-I 4 Xln ”7 

4-89 X 10" 7 

6*03 X lo' 7 

1-24 X 10 ^ 

i 

300 

2’02 X 10 

2-45 X irr 7 

2 '65 X Ki ? 

2*20 X 10* S 

1 4*67 XKT'* 

350 

473 X io“» 

1*47 X io ’7 

I’52 X 10“'^ 

5-14 X in “6 

: 2*8o X JO ^ 

1 

400 

1-31x10"® 

1 i*o8 X 10“^ 

1 

1*09 X 30"7 

1*42 X 10"® 

1 

1 2 '06 X 10 ^ 


CONCLUSION 

It is seen that if the disturbing causes due to winds in the middle atmosphere 
and due to periodic heating and cooling in the upper atmosphere are taken 
into account, diffusive equilibrium of the constituent gases begins to lx; important 
only at great heights. 
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Tahi.e V 

riirli.'il iiiid total ]»rcssurcs at and amoinit of }>as ahovi.' difTmait levels 
Coi)iiK)silioii—Nj, ; rising teinperature 



IVii liiil pro.ssiircs (iiiiiij 

i 1 

'I'nlal prt'ssnrc 

Aiiionnf oi 


't ill, f at N 'J' P, 

Ikiii.l 



(linn.) 

No 


1 i 

! fb \ 

ir»o 

7 X K» 


I -otf X jo' 3 ! 



r 

IF JO \ 

\ 

1 

^170 ^ Jti 5 

1 nS,| X jo 5 

8-6 i; X 10 

i 

7*38 y J,, 

2 

] 71^ < JO 7 \ 

150 

I'O:! X JO 6 

l '-60 X 30 " 

; l*2QXlO-‘l 

J 'il X lu 

2 

2 33 Ki 3 

.700 

1 6*37 X JO 7 

I’JO X lo"? 

7-47 ^ 

!'■' ()': it» 


I'Os, X 3 t • 1 


8 ’Si X 10 '^ 

/•J J < io ‘9 

0 \S'’ K' - 

• r^S X ju 

f) 

6' 77 X ici 0 

'< ' i 

! 

I ■ 70 X 10 ® 

r*u:j X 10 

3 ’Ho X jo"li 

] 

J-8s 1" 


; 071 A JO 7 

.^$0 1 

j 


2-10 X 10 10 

4 * 4 C) X 30 0 

4'()5 X 30 ' 

r. 

, J'OO X JO ' 

^00 1 

1’31 X 30 f 

5 ‘,12 X 10 11 

' l^^lSxioO 1 

i ’42 X 10 


i S'l^'xnrf* 


It is also found that the pressures at and the amounts of the constituent 
Rases above diaerent levels in the up].er atmosphere are luRher than those obtain- 
ccl by previous workers. 


Our calculations show that if the upper atmos)>here consists of N., and () 
then the icRion above 350km. will coiisi.st largely of Oxygen atoms. As 
mentioned before this seems to contradict the results of ob.serx'ution on high 
altitude auroral spectra which .show a greater intensity of the negattive bands 
of Nitrogen. 


Study of the decay of the night lime ionisation of the F region of the Iono- 
sphere also shows that it is highly improbable that the upper atmosphere should 

consist of atomic Oxygen. .Oxygen in the atomic slate is believed to have strong 
affinity for electrons. It may be .shown that if the upper atmosphere con.sisted 
entirely of Oxygen atoms then the electrons would di.sa].j)car by attachment very 
quickly. Since, however, I' region ionisation is known U> persist throughout 
the whole night it may not be improbable that the constituents of the upper at- 
mosphere are N- and O3 rather than Na and ( ). 
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THE CONSTITUTION OF HEAVY WATER 

By 1. RAMAKRISHNA RAO, M.A,, Ph D., D.Sc. 

AND 

P. KOTESWARAM, B.Sc, (Mons.) 

Andhra University, Waltair 

{Rcci'ii’cil ftn I'cbnuiiy iS, 

ABSTRACT. The Rfidiiiii band of lieavy water is /'oiiiid lo he similar to lliat ol ordinary 
water both in difluseiiess and extent. The variations with tempeiatnre in the slriieliiie o( 
this bciml are al.so similar to those of ordiuarv water. These eliaugcs are attributed to elianyes 
in the relative proportions of Djt), and nioleeules which are assiimcd to be 

in thermal equilibrium, by an analy.sis of the intensity eurvis of the band, the proportions of 
the three polymers at dilferent temperature, c are calculated, 'fhe re,sult,s are compan d with 
lho,se of water and the points of _,similarity and diflereiices e.xpluined on the basis of their 
other physical properties. 


I. introduction 

Soon after the di.scovery of Jicavy water, WoocP studied its Rauiaii .si»eclriiii) 
and found that it gives rise to a hnrad and diiTrtse hand witli ti iiiaxinuuii of itilen- 
sity liaving Kanian fretjueucy equal to 2517 Uhter Auautliahiisliiiaii 

reported that in addition to the principal hand whie'h actually consists of three 
coiiipoiients with fretjiieiicies 2363, 2515 and 2662 cm’’ there are two compara- 
tively fainter hands at 1110 and 1250 cm“' • Bauer and Magat, ’ however, found 
only two components in the princijral band at 23B9 and 25oy cm"’ . The other 
bands reported hy them are at 170, 350, 500 and 1207 cm"’, the one at mo ionud 
by Allan thalaishnan not being observed in their siicctra. Rank, Larson and 
Bordner* studied the Raman spectrum of DgO in the va])our state, which revealctl 
a comparatively .sharp line at 2666. ( )u account of the similiarity in the general 

features of the Raman spectra of D3O outlined above and those of water exten- 
sively investigated by a number of workers, we undertook a study <tf DiOoii 
lines similar to the work'’ of one of us on water in its various idiases. 1 he 
results leveal not only certain points of leseinhlance in general, but some interest- 
ing differences in. detail which arc described in the succeeding parts of tins 
Cominunication. 
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2. T' X r* H R r i\I K N T A Tv T C 11 N 1 n V n 

Since l]ie \)/ > available t(j \is was siiiali in quantity, it was found necessary 
h) adopt an anangeiiient ]jy wliicli wastage of Die substance is avoided as far as 
jKj^sible, jmrtit'iilarly during ‘'^ur study at Die higher teijqieratures where loss 
due to evaiH»ialion may l>e considenilde. Hence the heavy water was kept in a 
lube sealed under x acuuim d'liis procedure was necessary for other considerations 
also. I'lie sample supplied by Norsk Hydro- Ulectric Coniijany when studied 
directly gave a strong continuous background in the Raman spectrum, {lossibly 
due to slight traces of lliKaescent inqiurities. It was tlierefore found necesvsarjj 
to distil It in vacuum. < )n account of certain conv^enieiit features in the arrange-'l 
meiit which may he adopted for investigation of similar sulistances^ Die details 
of the lechuictue are lirielly outlined in figure x. 



I 

L 



Ftguru 1 


Tlie glass tube A, cm. in diameter, is 15 cm. long and has a narrow stem at 
Die top at the end of which is blown a .spherical bulb with its surface as clear as 
possible. The bottom of the tube is closed and the side tube indicated in the 
diagram is connected to another bulb not shown in the figure. After pouring 
the in this bulb, it is exhausted and scaled. After repeated distillation of 
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heavy water iiilo A, the side lube is sealed ofl' at the constriction previously 
provided. It is placed vertical!}^ in an outer jacket B throup.li which water is 
circulated. This is surrounded by a hcatinp voW which is protected fimu the 
atmosphere by the glass tube C. A verlical type of mercury arc is i)laced as 
near as possible to the outermost jacket C. The tube A, containing heavy water 
up to the vSide tube, is painted Idack all over leaving a clear portion at tlie centre 
for the liquid column to be exi)osed to the mercury are light. A small circular 
clear space is provided at the top of the bulb tt^ transmit the scattered radiation 
which after total reflection tin ougli the right-angled prism P is concentrated on 
to the slit of the spectrograph by the achromatic lens I,. The current through 
the coil is so adjusted and the waiter cirtadated Ihrcuigh B so regulated that a 
steady desired tcmi)eralnre is leacluvl. Tlie leiiiiieratnre of the I'ircnlaling 
wa^er was noted by a lherm<miLler ini; ' diced tlnniigh the sid. 1 ibe and after it 
WTis steady for a con.^ ideralile O'-iiod, the speidi uii' ■)' the* scattei ed radiation was 
taken. 'I'he iiarnnv tube a ;; top of A served the jairpose of a diai)liragm to 
cut off ])ai asitic light from the sides of the tube. The bottom of A and the 
surface of the liquid layer Avere protected from the direct mercury arc light to 
eliminate the intense scalleiing frenn tlicnn 

For tcmperaturct: lower than that f>f the laboratory, the tnl)C I’cmtaining 
hea\’y water is dii^iied in a transparent thermos d.isk containing cold walei\ 
which is kept at a constant temi)eratine l>v adding ice and stirring. 

3 ST P Tj C V XT U Tv O V T IT 1C O A N 11 TToO V. A A D I' 

The Raiuaii spectrum of heavy water reveals a broad difTnsc bmvi ns for 
ordinary water, Avitli three clear maxima having; Uamau frecjneiicies eipial to 
2394, eS 31 and 267r'| cm~F The following; table contains the fiequencies as 
given by different authors on this band : 


TabuE I 

Raman frequencies of the 1)20 band 


Author- 1 Raman frequencies of maxima. 


Wood 

— 

Z 5»7 

— 

.Anan t h ale ri h s n a n 

2358 

2507 

2680 

Bauer and Magat 

2389 

2509 

— 

Authors 

2394 

2534 

2674 


9 
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Jvxcept for slight, differences in the frequencies of maxima there is general 
agreement as to the existence of at least two components in the band. Wood 
used the 2537S, line of the mercury arc for exciting the band and might have 
measured its wavelength by a micrometer, which gives only an approximate 
value on account of the diffusencss of the band. 'I'he other two sets of values 
for e.xcitation by the bjie arc also the result of micromctric measurements. 

In a case like this where a si»cctral line is very diffuse it is always desirable to 
lake a inicropliotoinetric curve for finding the exact iiosition of the maxima, 
1 his is what We have done and tile values given by us are tlie result of such a 
mea.siirenieiil. 


My a study of the > band at different 1emi»eralmvs wbicli will be des^ 

1 ribed in detail later, we found large variation in the relative intensities of the\ 
tlnee eoinponents, the one of lower frequency increasing in intensity with ', 
diminishing temperature, the highest frequency comiionent at the same time ^ 
diminishing in intensity, the central component remaining approximately cons- 
tant. This e-xjilains the ab.seiice of the third frequency in Tlaner and Magat's 
lesults as the temperature of their laboratory must have been much lower than 
Uial of the tiopical laboratories where .Ananthakri.slman and the authors work. 

1 his disci ejiancy should not therefore be taken as a genuine difference in the 
sti net lire of the bands as was the case with water. In the later, there was 
controversy for a long time a.s to whether Raman band of water consists of three 
01 two components, the continental workers iinding only tivo clear maxima, while 
the woikcis in India observed a tliird faint component. In a work of this kind 
where variation m the striictnre varies considerably with Icinjierature, it is’’ 
therefoie always desirable to make note of the temperature at which'^Tlie^ 
investigation is carried. 


I 






I 


n;.o 


Figure 2 
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Bciore giving o\ir results willi variation in tire stmcttue ol the 1)^0' Imd 
with temperature, a comparative study of the raicrophotomelrio curves (/this baud 
and that EorHaO at the same tcini.erature, are given belou’. Holliiho bands 
are very broad and dilTuse. While the H./ ) band erclends fium about 505a enr^' 
103834 cm”\avange ()f about 7 Se wave numbers, that of D^O ranges from 
2254 h* 2784 with a, width of 530 W'ave innnbers. Tliis indicates that the width 
of the D^O band is decidedly smaller than that of bora comparison of 

the two bands, their microphotometric curves are given in tigure 2. 

While there is a signllicant similarity in the two curves with regard to 
diffuseness and structure, there is a fundamental difl'ereiice in their extent and 
relative intensities of the components- The extent of the l)oO curve in the 
figure is decidedly smaller than that of Hot). This disparity in the extent of 
the two bands is actually greater than what is recorded iu the figure on account 
of the lower dispersion of the imism spectrograph in the region where the Hat) 
band falls. It is also clear from the curves that for heavy water, the compo- 
nents (marked with arrows) are better resolved, the first component withAv = 
239/I cm~* being of the same iniensily as the second, whereas fur ordinary water, 
the first component is not only not well resolved from the second, but is also less 
intense. 


4, S T R U C T U R A'b VARIATION O F T II F; HjO HAND 
W 1 T II '1' It M r li R A T U R F 

On aceoimt of the close similarity in the nature of the Dat) and JlgO 
bauds, wc investigated the structure of the D.a( ) band at 6, 30, 63 and ioo"C 
onlines similar to the work on H2O by one of us.'' The micnjpbolonietric 
curves of the Raman band for DgO at different temperatures are taken and the 
intensities at dilTcrenl iioinls on the bands are calculated by the usual method. 
The results are given in table II, in which the intemsities against the corros- 
poudiiig frequencies are recorded for the four different temperalnrcs. 

For a clear understanding of the variations in the structure of the baud with 
temperature, the results iu tabic II are graphically represented in figure 3, 
with the frequencies along the abscissa and the corresponding intensities along 
the ordinate. 
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Tabi.k ir. 

Iiilcnsily diMribulion of the Raiiiaii hand of D^O at diflcrcnt tcinptratures 



Figure 3 
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The extent of the band is almost the same for all teinperatiires, but the 
variations in the distribution of intensity from one temperature to another are 
very conspicuous. Wliilc the intensity euive for h^'C shows two clear maxima 
at 2365 and 253 (j Avith an inflection at 26.15 that for 30'X' contains the 

maxima and inllection at 2395, 2535 and 2t)55 cm ^ resi>ectiveiy . At tm'X' theie 
is only one clear maximum at 2550 cm ^ with a small inflection at 2(195 cm'^, 
wdiile at lOo^'C again theie are two well deiined maxima at 2540 and ^(190 cm"^ 
w ith an inflection at 2350 cm ' . 

It is evident from the above observations that the clear maximum of lowest 
frequency at about 2395 cnr\ changes veiy rapidly in intensity with increasing 
temperature, the fiequeiicy changes, however, being negligible and witliin the 
order (if accurai'y A-\'ith which they can be determined, fl'liis maxiimmi wbicli 
is most intense at o"C is reduced to almost equal inlcn.^ity w itb tla^ second at 
30' C diminishing furtlier at on' C and almost disapiiearing at roo^’C, excepting for 
a small inflection in the cmvc ior this temjici atnre. 

The central niaxmium, how^cvei, persists witli eepud intensity at all 
temperatures. The third maximum which malses its apjiearauce clearly at loo' C 
wdth a frecpicncy equal to 2090 chi'” Ms jierccptihle, at other temperaluri'S as a 
mere inilectiou, the pjromiiieuce of this inllectiou diimiiishiiig with falling 
temperature. 

5. B X r h A N A T 1 0 N 0 F T II !• A 1 * O V Iv K E S U h 1 ' vS. 

The close resemblance between the DoO and Hy^ ) Hainan liands, not only 
in their difliiseness and structure, Init also in res]>ect ol chunges in tlie distiihn- 
tioii of intensity in the bands w ith temperature, leads naturally to the conclusion 
that the explanation given liy one of ns' for these iihenoinena in 1H() ajiiilies 
equally well to the case of DT). The three conqioncnts in the IK( ) bands weu 
attributed to three pobuners of watei , H-tl, and (H^t 0:i and the changes 

in the relative intensities of these components uc-ru explained as arising out of 
changes in the relative proportions of these giolymeis with temjierature. 'I'lie 
arguments put forward fiy some* authors against this hyiiothesis w’cre fully dealt 
with in aiiotlier paper. The hypothesis of the existence of tiolyniers in water is 
not a new one and the explanation of the above phenomena for 11/) on this 
hypothesis is so natural that it is extended to the case of as well, wdiicli is 
its isotopic analogue. 

By studying the Raman spectiinii of DgO vapour, Hank, Larson and Borduer 
found a single line at 2666 cin“' similar to the single line in U2O vapour at 
3650 enr^ 'I'his indicates that in the vapour state heavy water consists entirely of 
siugle molecules. The coiiipoucnt in nearly the same position (26900111“’) for 
this substance in the liquid state at ioo°C is therefore attributed to 
DaO molecules, the other two components of smaller frequencies in the band 
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licinj- assigned lo (D.O)^ and (D/)).., molecules as in the case of ordinary 
water. 

The diniimition vvitli increasing lcnii)eralure in the intensity of the 2394 cin“’ 
component, attributed to the (D.t niolecides, is explained as due to diminution 
in the proportion of tliese molecules which with increasing temperature change 
to the other polymers. The increasing intensity of the third component 
aOgocnr’ with increasing temperature is a.scribed to the increa.sing propoition 
of the .single molecules to which this component is assigned. The ajiproximate 
con.stancy in the intensity of the central component 25340111“’ is taken as afi 
indication that the proportion of the double molecules giving ri,se to this comial- 
nent is nearly constant. This is also taken as indicating the comparatively 
greater stability of the double molecules. \ 

It would have been iutcresting to study the Kaman spectrum of heavy ice, '\^ 
but on account of the difficulty in maintaining it in the .solid condition at a steady ' 
temperature, the work could not be undertaken. 

Ck RKlyA-TlVlt T‘ R O T‘ O R T 1 O N S Ob T II li 1’ O b Y M 1«: R S 
1 N n ]? V Y W A T R R 

With a view to dcteriiiine roughly the relative projiortions of tjie three 
polymers in heavy water at different temperatures, the intensity curves of the 
heavy water band are analy.sed on lines similar to the analysis of the corrc.spond- 
ing curves for ordinary water.” The curves for 6, 30, 65 and ioo®C as analysed 
are given in figures 4, 5, 6 and 7 respectively. 

In table III are collected the fretpieneies of the positions of 
maxima and extents of the three comjionents of the curves as obtained by the 
analysis. 


Tahi.e III. 

Fieijneiicies of maxima and extent of the D^t ), 
• and (DaO),., Comiionents 


Ten Ip. 

(I eoinptiiiriil. 


oinpoiK’iit, 

1 

1 T)/.) conipnm'iil. 

! 

1 ‘obilion of i Kxlcnt. 

I • 

1 

Posit ton of 
Max"*, 

Extent. 

Position of 
Max". 

E-xtent. 

6 ''C. 

.^365 2254-2540 

1 

2530 

2413-2645 

2645 

2575-2725 

3o*C. ' 

' 1 

2395 1 2270-2535 j 

2535 

2430-2645 

2640 

2535-2765 

65‘C. 

2400 i 2254-2535 i 

! i 

2545 

240D-270D 

2695 

2550-2785 

ioo*C. i 

2420 2295-2535 1 

2540 

2420-2650 

2690 

2590-2800 
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(DjO)^ (DjO)^ D2O 

F iciURii 5 

Considering the rougliiiess of the analysis, it can l)e asserted from the table 
tliat the maxima and extent of the c<mii)ouents arc very nearly constant, 

On the snjiposition that the pi obability of excitation of the three polymers 
is the same and that the contribution to the intensity of the band by the 
molecules is the same as that of the (DjOla or 03/.)),.,, the relative intensities of 
the components are assumed to be proportional to the lelative number of the 
polymerised iuolecules, as was done for water. This is justifiable by the fact 
that a quantum of light incident upon a group of molecules can excite either the 
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interiuil oscillations of one of the* constituent molecules, or the external oscilla- 
tions hetween one molecule, and anotlier of the same group, but cannot excite 
the interjKil oscillations of all llie molecules lying in a single group. Also, tlie 
])rob:ibility of three dilTere-nt qu inta, exciting the three dilTerenl constituent 
molecules in a groiij. at one and the same time is bound to be negligibly 
small. 



-- ' - DjjO 

6 



j.^5o 2.130 2330 2030 2750 2830 cm* ’ 

Av — ^ 

— • - (1¥>J3 — — (J¥h2 - - - - i).^o 


Kiuukic 7 



Constitution of Heavy Water 


73 


Since the extents of the three components arc nearly tlie same, tlie ratio of 
the heights of their peaks, are assumed to give the direct ratio of the three i>oly- 
niers. The relative proportions of tlie polymers as calculated by this melhoil aie 
given in table IV. 


Tmmk IV 

Relative proportions of ), (IXt ))j and (D^O)., in heavy water 
at different tempeiatiires 


Tctiii). 

Relative i f 1 tc^nsit v . 

P iveiilagc 
iinnihi.rs. 

hy 

i’ereentage by 

Wi'iLihl - 



(I'i!0)2 

1)20 

(n/»n ; 

' 

(IV 

W) 

(D..O);i i 

1 

I 

(IV »2 

D.O 

h“C 1 

i ‘0 

16-5 

7 

46 


j6 

(H) 

33 

7 




n ‘2 

i 39 

1 

'p 

20 

33 

37 

10 

65 "C 

1 <S 

1 



! 42 

20 


39 

11 

joo^C 

1 

fO '5 

12 

i " 

/18 

28 

37 

.P) 



It is evident from the above table that while the percentage; of the triple 
molecules i.s neatly halved and of tlie single molecules nearly doubled from the 
lowest to the highest teniperatin e, tlie change in the double moh-cnles is comijara- 
tivcly small, ^riiese changes arc similar to those in ordinary water, h'or com- 
liarison the pjopor lions for ordinary water taken frotn a previous paper of one of 
us are given in table V. 

'lATtnE V 

Relative proijoi tions of (Mof)):?, (H2< O2 H2O molecules in water at 

different temi)eratnres 


r( ri'ciiUigt' hy luiinlu r.s. ; PiMri ntngc* ])y wrigljl. 


I t ni]^. 

i 

‘ aioOrj 

i 

(1120)2 

TlaO 

; 1 

(1)20)3 

(1120)2 

0-/) 

gX 

i 

i -’-3 

i« 

TQ 

34 

S 7 

0 

•rc 

1 

i 22 

58*5 

i 9‘5 

32 

38 

JO 

;^S“C 

21 

50 

29 

32 


16 

g8"C 

13 

51 

3 ^) 

21 

38 

2 J 


7 T ) T S C U S S T ( ) N OP R 1C S IT T/ T S 

The similarity not only in the structure of llte bands of > and ITr,( ) bnt 
also m their variations with temperature leads us to the conclusion that the expla- 
nation of one of us’^ for water applies equally well to heavy water. The objections 

10 
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by vSutherland^^^ to tlic existence of triple iiioleciilcs in water were met in another 
Ijapcr.^*'^ In a recent coiniininication^ Cross, Burnham and Leighton, agree with 
us as to the triplet stnicUire of the water band, but ''attach little or no signifi- 
cance to the existence of definite polymolecular structures such as (PlaO)^ and 
to which we attiilmte the two lower frequencies of the water band. 
'Phey assume in liquid water "a broken down ice structure*' having "diflerent 
coordination types of water molecules,*’ the two coordinated structure predomina- 
ting in the licpiid stale. We are unable to understand how their coordinated types 
of iiiolecnlcs are dilTerenl from onr polymerised or associated types. It is well 
known llial polymerisation is a result of coordination between molecules and 
believe that tlieir coordinated types are the same ns our associated molecules, \ 
though they seem to differentiate lietweeii them. Our results with water agree 
with theiis in indicating a prcdonu'iiaiice of the double type over the others. 

We therefore postulate the existence of single, double and triple molecules 
even in heavy water, the proportions of which change with temperatuie. From a 
comparison of tables IV and V, it is evident tliat Ibc jiroporlioii of triple nioiecules 
at any temperature is greater for heavy water than for the lighter one. So the 
])o]ymerisatioii appears to be larger in heavy water. This explains generally its 
higher freezing and boiling i)Oiiits and also its higher tcm])crature of maxiiiuim 
density. There is another c'onsi)icuoits featmc in the varialicms in the^ relative 
pro]^ortions of the pol3'mers w ith temperature. h\)r heavy water the change in the 
proportions of the three types of niolccnles from 6' to 3o''C and from 65^’ to loo^’C 
is much larger than from the intermediate range 30*^ to 65'’C. This seems to indi- 
cate that the equilibrium between the three polymers is more stable at mterino- 
diale temperatuics than at temperatures nearer the freezing and boiling ])oints. 
This explains the minimum specific heat of heavy water a])i>ioxiniate]y in this 
range as obtmiied by Brown, Borncs and ]\Iass,^‘’' Also the higher degree of 
polymerisation in heavy water than in ordinary water explains its higher 
sjiecific heat. 
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THE FUNDAMENTAL MECHANISMS IN UPPER 
ATMOSPHERE 
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{Kcccivcd lor puhUration^ March i, 


ABSTRACT. In llie fir.st .'.rlirlo ;i tln-orelicnl foniuila is flcvclnpt'd to c.stimalc the dcgroe 
(if Jiiolecnlar ilis.sdcialidii in upper nl'iiiDspluTO iimlci llie jufioii (if ilu- nitraviolfl of the 
sun. In the second all i( 1 ( the di.s.soi'ialion of <).\vi^cii ninl nitrogen niolcciile.s is discns.scd and 
it i.-^ louiid llial Iho oxyijcn inolirnlcs arc louiplclcly dis.snciatcd at a hcii'lil of about 167 kin. 
f,i'.,inucli above I'i rc^^ion of the ionosplure, ])ro\idcd \vc a.s.sninc a teinjicinliirc of 30o''K and a 
inolecnlar weigtil corresjiondinf! to the average mass of nilroj^en molecnles. In the last aitielc 
llie eoii.slituent.s a.s well as the nieehanisin of the fniidaineulal proees.ses in ioiio.spherc are 
di,seu,ssc-d. 


1 N T R 0 I) IT C T 1 O N 

Many hileivsting I'acls have been revealed in ree'eiit years from organised 
spectrose'opic studies^ of night sky and uukjui all over the world regarding 
the constituents present in the ii]»i»er atmosiihere. Whereas hydrogcti and 
heliinn are found to be oli.seiit and ozone cotifmed only in the lower region 
between 20 to ^(j km., it is remarkable that nitrogen and oxygen, along with some 
percentage of water vapour have been definitely [irovcd to exist in the upper 
atmosphere, nitrogen being found to be in molecular state from the occurrence 
of first negative and Vegard Kaplan liands and oxygen in atomic state from the 
liersisteut occuirence of the well known green auroral line ; all attempts, how- 
ever, to observe atomic nitrogen and mokcniar oxygen have been firovcd unsuc- 
cessful. These facts togctlier with the results of the investigation carried 
out in a previous paper MI^ are expected to give a complete picture of the 
state of affairs in ionosphere. Wc have found in Ml that the theoretical 
formula for the collision frequency per electron calculated for the interaction 
between electrons and positive ions agrees satisfactorily well with tliat 
obtained from the observation on the reflection coefficient of the radio 
waves provided we assume that in F layer the numlier of electrons per 
cm.^ as revealed by the radio measurenient is very nearly equal to the numlier 
of ions per cm.® and in E layer the latter outnumbering the former by a 
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fiR'Ior of llic r>i(ler of lov) ; an iniincdialt* roiicliisioii follows, Ihercfoiv, that llie 
elertroiis aiul ions are the ehief ae.enls in cansiTi.e llie ^lisi^ersion and absoridion of 
radio waves in 1{ and hMayeis, the dis]>LrsioJi hein^i; alTected directly h>^ the 
vihratifni of the ele^'trcais whereas the ahsor]4ion by their encounter \vitli 
the positive ion;'>.'^ This hiyh ionic density in Tv layer of the order of lo^ is also 
reciuired for the j econcilialion of the estimated electrical condnetivit}* as deduced 
from wireless observations with the esliinales made from the data of terrestrial 
mai^nelism.'’' [ A])])letoi)’s niioinal estimation was 71 ’ to lo*' per c c.J 

VVe haw theiefore i'<)t the following lv\o fundamental ]jrohlenis to solve: 
iMi'slly, whether the experimental results of night sky and auroral sj)ectra are to l)e 
iiilerjireted as it may seem o]j\'ious that oxygen exists in Lij)j>er atonios)>heie only 
in the atomic state*, /as, completely dissociated by sniiliglil ami nitrogen instead of 
being eliSSociated get ionised, ijossibly as a result of fluorecsent radiation emitted 
by the atoms in sun’s atmosidiere, or oxygen drjes exist in the molecular state as 
well, the stioiJger bauds of which l)eing in the ultraviolet legions not being detect- 
ed so far due tt) atmosphcri(' absoij)tion and nitrogen may also exist in the atomic 
stale. 'The i)roblem at present can be answ'eied only In^ tlieoretieal investigation 
and wdll evidently throw imich light as to the I'oiistituents present in the upper 
almosi)here. And secondlv', liow' to account for the diiTerence, mentioned, in the 
number of electrons w ith respect to positive ions in these ionosphoric layers, 

V layei they are ecjual, whereas in K layei the electrons are in deficiency by a^factor 
LOO over the positive ions. Tlie pnr.snil of this (jueslioii together with the know- 
ledgew)f tile laboratory experiments on the collision cross-Sec'tioiis for leconibi- 
nation of electrons and positive ions and for attac hment and detachment of 
electrons to and from the neutral ]>articles sliall enable us to understand the funda- 
mental mechanism in ionosphere. 

The jireseiit pajier makes a ])reliminary theoretical investigation of the above 
questions. In the first article a general formula is derived for the estimation of 
the degree of molecnilar dissociation atdiffcrLiil heights in iipj)er atmOvSijlicrc under 
tile action of the ultiaviolet light of iJie sun. In the second aiticle the formula 
is ai)i)lied to liiid out the degree of dissociation of oxygen and nilrc^gen molecules, 
and ill conclusion, discussions arc given in the light of the above results on the 
mechanisms of the fundamental firocesses in ionosphere. 

?'i. riic i qualion of uwlecnUi} dissocialiofi in a non-isoihcnnal system. Let 
us consider a system of molecules at an ec|uilibiium temperature T dissociating 
into their constituent atoms iindi?r the action of radiation from a source emitting 
like a black l.)ody at a tcmperalure To which is dilTevent from the tempe ature T 
of the gas molecules. We shall accordingly obtain a continuous spectrum in 
absorption starting from a vvave length corresponding to the dissociation 

* The contribution to the collision frequency ns the result of electrons encountering with the 
neutral particles will be disciisaed in a subseqaent paper. 
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enc'r}>y of the molecule and exleiuliiig to the shorter ^vave length side, eui respond- 
ini’ U) the incn'ease of the kiiielic energy of the atoms alter dissociation, t^'roai 
a study of the absorption and emission coelTicieiits in the eonliiiuous spectrum it 
will be possible to find out an ex])ression lor the des^ree of dissociation ol mole- 
cules in vSitch a system, which is not in a temperalurc e(]uili1)riunL 

The mathematical theory of continuous absorption in case of atoms dissociat- 
ing into ions and ekadrons undet the action of light has l)een studied by Milne* by 
intr(Klucing probability coefficients for the mechanism of ionisation bv incident 
radiation and of recombination of electrons with the ions. With the assumiition 
that ill llie slate of thermodynamical cciuilihrium tlie number of different tvpcs of 
particles taking part in the reaction must satisfy vSaha's ecpiatioii, Milne obtained 
a relation between these probability coellicieiits; tlic rigojous evalnation of tliese 
coefficients separately was, however, carried out b\' Kiammers, ( )ppenheimer, 
(huint, Soiiimcrfcld and others. I'ollowiiig jSIilnc, Paniickoek*’ developed a 
theory for the dissociation process taking place in 4 non-isotliermal system and 
obtained a modified vSaha s crpiation, whicli he ai>plied successlully to explain the 
observed concentration of free electrons in uiJiiei atmosphere at a temperature T 
caused by the ionisation of molecules into molecular ion and electron imdei the 
action of the ultraviolet radiation of the sun, emitting like a black body at a 
temjicrature say To, wliich is different from the temperature of the ionosphere. 
WV vshall also adopt a similar method as that of Milne and Pannekoek in investi- 
gating the present problem of divssociation of molecules into their constituent 
atoms under the influence of external radiation. l,et us assume thereby that 
under the action of light of frequency!', the molecule AP is dissociatetl into a 
normal and an excited atom given iesi)ectively l>y P and A', v'^yniholically 
written it runs as fcfllows: 

APH-/n'j ==:^A' + P 


Pet I'o l)e the frecpieiicy at which the coutiiinous absor[)tion bands just a]** 
pear. The energy /zi'o is thus required for the dissociation of molecule AB into 
atoms A and B and at the same time for the excilation of the iitum A P) A', I c., 

/zV() = D"l’I^ -- (i) 

where D is the heat of dissociation and Iv that nt excitation 

Under the action of radiation of frc(|Ueiicy v>v^y the molecule AH is dis- 
sociated and a continuous absorption band is formed from vo extending to v~(X, 
the dissociated atoms flying off with the relative kinetic energy 

iMV^ = /n— /ivo ... h) 

where M is the reduced mass given by 


in, m 

M=^ ^ 

Wa + 


B 

Wjj 


(3) 
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and V is tlic (‘omponent of the relative velocity in the direction of the lines joining 
the centres of the atoms. 


I,,et V. t n, and be the equilibrium concentrations of molecules AB, free 

Ali A n 

atoms A and B respectively. The iuind.>er of absorption processes per second 
under tlie action of monochromatic radiation of density from the continuous 

spectrum is given by 

- (‘I 

^i'lie laobability coenicienl for nbsoiption has values only for 
Whereas the (:()nesi)nn(liTig number of recombination processes is 


.ITT// . n T -I- , p 

' A' n r\ s.T/n' ^ ' '' 


M 




- (5) 


where denotes the i)rol)al)ility eoefllcieiil for lecoiiibinalioii laocess in the conti- 
nuous emission baiub 

By eciualing the two processes and with llie help of fj) we obtain at once 
the condition f f eqnilibrimn as follows : ' 

n x!^ cp dv 
”Air V ' 1 




r, arrv-'"-ji 


i;i — MV” 


hr 


T;.fcT 




m 


... ( 6 ) 


lu the case of isoliopic radiation of Icinpciatiire T when is f>ivcn by the 

riiinck's formula we have the dissociation formnla, usually called the reaction 
isochore, as follows : 




(7) 


where Ko is the equilihriuni constant for the dissociation of the nndecule AH in 
atoms A and H and is given by ' 


I- { Mfcl' Y _ll/feT ( , 


G,G„ 

where G = — — - 

^AB 


... ( 8 ) 

... (9) 


'0= fundamental vibrational frequency of the molecule, 

C , G = statistical weights of the normal quantum state of the free 
^ ® atoms, 
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statistical weight of the ground state of the electronic configuration 
of the molecule, the nuclei l)cing regarded as fixed, 

^0 =equilibrium distance between the atoms, 

.s-=syininctry number of a molecule. It is equal to iiHi/y if tvv(» atoms A 
and B are intrinsically different whereas if is Iwo if the two atoms are 
identical. 

Further we have from Boltzmann's law 


V .f , . 

_ = _ 


Thus we obtain 


__ (Vs MV'-^ 


/i' ( r+ r if T -r 




where 


Now since 
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W’Q obtain the relation between the coefllcients 


fi 


bT -WAT 

V-,, rV,j- .iMV“ I 


(lo) 


(u) 


(i2) 


(i,t) 


(ft) 


When conditions do not correspond to thermal equilibrium the equation (6) 
must be multiplied by hv and integrated over all frequencies, thus ensuring the 
conservation of energy during the prcK'ess. We therefore obtain, when the 
relation (14) is substituted in it. 



For the evaluation of the integrals on the right hand .side a knowledge of 
the absorption coefficient in the continuous region *as a function of the 
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frequency i' is re(j\ured, >vlnch is however very coinpHcatecl in general for 
molecules. But iji case the al)S()rplion coeflicicnt siiows a sliarp niaxiiinnn for 
any ])arLicular wavedeneth falling olT rather rapidly on both sides of it, the 
evjilualion of (15) may he easily carried out without much appreciable error by 
replacing i/',' by its inaxiimnn value and assuming it constant within the short 
range of integration where only it has positive values. Further, assuming that 
the velocil^v distril)ulion of tlie electrons are given by Maxwell’s distribution 
law at a lenqjcratine '1', which is difl'crciit from the lemijcrature To of the 
black body radiation emitted by tlie sun and neglecting the cltect of the stimulated 
emission we olUaiii under the above circumstances, ^ 


n n 
A n 


'Alt 




K 1 - 


(hs 

//hi 



j, 


i/r 






(17) 



■ {18) 


where 




kT 


i a 




, -//aV/vT 


(tq) 


If now .T is tlio (li'srcc of dissociation, i.c., tlie fraction of the molecules that 
arc (Hssot-iated and P the total pressure of the ,eas mixture expressed in atmos- 
])hcres, we can write down tlie above equation as follow s : 






X=thc enert;y required for dissociation as well as for excitation. 

'I'o obtain the degrees of dissociation in the actual ionosphere at a particular 
height the right hand side of the equation (20) must he multiplied by a factor 

i , where is the maximum value of the molecular alxsorption 
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coefficient, N' the number of nioleciilcs per cm.^ for one almosplicrc and II the 
equivalent height of one atmosphere, and by a factor fi the so called dilution 
factor ; the first factor representing- the weakening of the aclive solar radiation 
due to its absorption caused by the dissociation of the molecules above llie laycr 
under consideration and the second one giving the field due to the dilute 
temperature radiation, ft is given by 


where R is the radius of the sun and r the distance from the sun of the point at 
which the dissociation is calculated. 

We thus obtain finally the formula for molecular dissociation in ujiper 
atmosphere as follows ; 


P=:/3Ke-'^n...N'nP 

T —X‘‘ 


(33) 


§ (a) Dissociation oj Oxy^’cn Molecules in tipper Atnwsplicrc. Before 

we apply the formula (23) to the case of oxygen molecules and calculate 
the degree of dissociation at dilTercnt heights, let us first summarise the 
experimental evidences" on the band spectrum of oxygen molecule in the region 
of continuous absorption in which we are particularly interested in the present 
paper. The most important hands of ():■ moleeule are the Runge-Schuman 
bands, which starting Aaooo.^ pass to the continuous absoii)tion atA]75oS. 
According to Mulliken it corresponds to the transition 

i -> O., (*P-I ’D.) i 

The continuous absorption at At 750.^, as pointed out by Plerz.berg, is due 
to the idiotochemical dissociation of Oa-molecules into a normal "P and an 
excited ’D atom according to the process. 

Oj,H-ln-^ ^CPPfO’Ds 
the energy required for this being 

X = 7.^^sV = D + U 


where D = 5’09V is the heat of dissociation of 02-molecules into two normal ()"P 
atoms and E = I-96V, the heat of excitation of O^P atom to the O'Dg slate. The 

7 / 
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absorption contiBUcft up to A 1250 A and the portion of it beyond A 1750 X 
corresponds to the increase of tlie kinetic energy of the constituent atoms after 
the dissociation i>rocess. We shall be chiefly interested in the continuous absorp- 
tiun taking ]dace Ijctween A 1750 A and A 1250 A as a result of the dissociation 
of the inulecules under the action of the ultraviolet radiation from the sun liaving 
wave length A < yx)(\K. The spectrum in this region has been thoroughly 
investigated by lyadcnburg and Van V^oorhis,^*^ They lind a sharj) maxima in 
the absorption at A X and such that a length of o'C)oi4 cm. of O2 at N. T. P. 
reduced tlie lij'ht of this wave-lcngtli to about half of its intensity, i.c., as much ap 
metallic absor|jtioii. We liavc tlierefore for O.-molecule assuming T — 300*^!^ 
(iemosphere) and T„“6ooo'’K (sun), log — 5*48, log (max) = 17*26 ; lojA 

H-5‘g6 (correspoudiug to average mass of nitrogen molecules) ^ and log 
N' = 3o’3cg It follows therefore 


I — 

_3.I0““ -4-l.io''P 
“ P " 

... 

(24) 

We tabulate the numerical results in the following : — 



]**"»] ire HSU re in AlinnsnlitTe. 

— height in kilometer. 

.r- degree of disRocialion. 

10“^ 

146 

TO'® 0 


10' ^ 

167 

'991 


10"® 

188 

I 


lo-io 

209 

I 



We find therefore that above 167 km., i.c., much above E layer and at a 
temperature of 300'’ K tlie oxygen molecules are completely dissociated into its 
constituent atoms. The maximum dissociation occurs at a layer where the total 
number of molecules per cc. are given l>y 

(NT)nmx = 6.10'*^ ... (25) 

(b) Dissocialioii of Nitrogen nwlcculcs-'* Tt is found from laboratory 
experiments that nitrogen is relatively transparent up to A 1450X, where it 
possesses narrow descretc hands which ahsorh radiation between 1450 — 1000 A. 
The absorption is complete .when the light has traversed a layer equivalent 
to 40 cm. of the gas at N. 1 '. P. The sharp N.j hands show's that 

the molecule is not dissociated by absorption of light A 1450 A, which 
corresponds to the dissociation energy of No but it is simply excited to 

higher stable states. Au examination of the potential curves of nitrogen 

molecules for normal and excited slates also shows that it is quite unlikely 

that the molecule will he dissociated. A continuous region of spectrum, however, 
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appears at about A 66i A convspondiiig to the second ionisation potential iS 
wliich therefore indicates the i>holo-ionisatit)n of the nitrogen molecule. Wc 
Ihcrefore assume that the upper atmosphere abow the \i region w ill consist n 
of oxygen in atomic states and nitrogen in molecular state. 

§3 Discussion. The present paper, as mentioned in the introductio. 
only a preliminary attempt to estimate the degree of molecular dissociatic 
different heights in ionosplieie, with a view io discuss its constituents and 
the fundamental nieehauism of the process taking j)ku'e there. We should 
to point out that our conclusion will be only cjualitatiw, since we have substiti 
in our numerical calculations the maximum value of the al)sorption coeflicieii 
A 1450 X and assuinod it constant throughout the range of integration ; a rigoi 
quantitatiw investigation should, how ever, take ucctmiU of the projicr value 
the alisorption coefficient obtained theoretically ' ^ as a function of freejuen 
The results given in the table ho^\ ever, shows that the oxygen molecules rena 
practically uiidissociated at a height of 146 kni. and then the dissociation 
suddenly almost completed at a height of 167 km. This is due t(> t 
simplified assumptions wc h*ive just mentioned. Considering the variati^ 
of the absuri>tiou coefficient with wave-length vve can easily find that tl 
dissociation w ill S])read over a height of the order of 30 kin.,, /.c., dissociatii 
at each level wdll lake place earlier by tliis aim)unt of height and it \vi 
tliercfore be quite x>robable that llie oxogen molecules are dissociated at lea^ 
quite apprecialdy even up to a height of 130 km. Fuithcr the number o 
oxygen atoms as given liy (10) agrees fairly well with the tentative estimatioi 
of Chapman and is sufficient for the i^roduction of the requisite 
iiuiiiber of metastable atoms which are required to explain the intensity 
of the green light (A5577 A) of the night sky spectrum as observed j)articularly 
by McLennan and Kayleigii. The layer of atomic oxygen lying at a height 
above the Ji region is thus a possible source of the greenliglit. These results, 
that is, the upper atmosphere above a height of U layer consists mainly of atomic 
oxygen and molecular nitr(;gen (also some percentage of water vapour), when in- 
corporated in the investigations of an earlier MI, as mentioned in the introduction 
enable us to analyse the fundamental mechanisms as regards the various juncesscs 
taking place in ionosphere. lH>r the inirposcwe collect first tlie relevant dat^ 
regarding these layers : 


Layer 

height ! 
in km. 

n ^ 

1 in cc. 

1 

1 

1 

1 

] 

' 

in rc. 

N 

i in cc. 

i 

i 

1 

V 

in cru/ijer 
.sec. 

A 

per Kcc. 

T 

in degree 
Abis. 

F layer 

"^300 

lO** ^ 

10 ® ! 

JO® 


10 ’' 

10 ^ 

E layer 

1 ^ —100 

10^ 

10 ’ 

1 


9’S.io'’ 

2 . 10 “ 

1 

1 _ 

3.io‘ 
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PundaTnciilal pnHXSs, 

i 

c ross se ction 
in cm'. 

vfloc ily 
variatiLjU. 

i 

1 

1 pressure 

variation. 

i 

N‘J + i' — ^ N.^ (rccoiLLbinril iuii) 

; 5 

i/v'^ 

I none 

() + t; — 111/ (iiltacbjiii'iit . 

1 3.10 

i/a*’ 

1 

1 iv Jtie 

1 

0 0 — ^ 0,, + r (dcl.'U’ljinciip ... 

1 


1 


Tlic dula for n aiitl n ' a u takcji frr>in \hc pa])ur Ml, and N, ik total nuinher 
of i^articlCvS per nii'' cakulatcd after Maris and llulljcrl ^ assiiiniii.a that 
Ilje mean niolecad'n- mass r>f tlic almosplierc is eapial to tliat of molecular 

nitrogen. The cross-sections lor llie fundamental processes, calculated for 

a leinpcrature of 300'' K, are reproduced from a paper by Bradljury.^ ' 

Now W'hat are the reasons that in layer the number of ions per cm ^ 

outnumber the electionic concentration by a factor of the order of 100 ajul 
in K layer they are etpial and that the collision frequency per electron as 
measured from the reflection coeflicient of radio waves coircs])Oiid to the 

collision of tlic elections with the jiosilive ions only ? The answer to this 
question wdll givens an nnderstunding of the inocesses in those layers. It can, 
iiow'cver, be better understood with reference to the consideration of thu magni- 
tude of probabilities ol these dilfereiit processes. Since the rate of loss of 
electron density due U) rccombinution and attachment processes at niglit arc 
given rcs])ectively by ^ 

- 1; (J'‘ (^i) 11 and — v Q'^ ('ll) N 7 i 

' at 

wdiere v is velocity of the electron and Q (r) the elfective cross-section for 
electrons of velocity t, w^e obtain the ratio of tlie loss of the particles due to 
these inocesscvS as given by 

Loss due to recombination „ n \i^; 

Loss due to uttaclinient N Q'* (tO 

10“^ for K layer 
4.10^ for F layer 

Tlie rate of recombination per electron in E and F layers arc4'7.io“^ and 
2‘3.io”'‘ respectively, the cocfficieiils of leconibination a Q (jy). t being 
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4'7.io“^'’ and This vslow rate of recoiiibiivatioii, whieli is also rcMHiiret 

from the observations, toj^cther with the fact that the observed collision frcqtk‘iK:> 
per electron is due mainly to its encounter with the positive ions only, the 
neutral particles being practically out of the scene, strongly suggests that the 
disap])ear:nice of electrons in both ii and F layers during llie niglit is caused 
chietly by the recombination of electrons with positive ions. An examination t)l 
the rate of loss of electrons by recombinations and that by allachment offers then 
an easy explanation for the ratio of the number of elections to that of the ions in 
1 '" and F layeis as mentioned above. The preponderance of attachment process 
over the recombination and the dilicieiicy of elections over file ions by a factor 
TOO in li layer show lliat the number of electrons initially pnKluccd by llie ionisa- 
ticii of molecnles shall set uj) a sort of local eijiiilibrium with the negative ions 
as a result of rat)id attaehiiieul and detachment inocesscs* to and from the 
neutral particles until their ratio has reached the statir)nary value 300, t w Idle the 
loss of electrons, however, being ultimately governed by their recombination with 
tlie ions. In F layer on the other hand the recombination is more lapid than 
the attachment and therefore the numbers of electrons iuilially produced shall 
also be equal to the numbers of iiosilive lous, there lieing i)raclically no atlach- 
nieut to the neutral particles. 

The quantitative investigation of the problem of dissociation as Well as of tlie 
fundamental processes in ionosidiere is reserved for snliscquent commuincalion. 

I am grateful to ITofessor M. N. Saha for kindly drawing my alteiilioii to 
this interesting problem of ionosphere and to Frofessor I). M. Bose for liis interest 
and encouragement. 

^ 'riie effective coeilick iits of recombin/itioTi for K and I' layers ns <lefinirJ 
a! ~ a ( 1 + -^- ) , n‘ being the negative ir)n drn.sity, are ’ and ^'3.10 n\s- 

V / 

pcctivedy. 

1 MiivSsey lins also rceentlv dra^^n atleiiti»)n l») this problem fnaii tbe eoiisideratifm (»f 1b(‘ 
magnilude.s <4 varions collision proees.ses in ionospljere. "J'lie present papei”, lht)iigli it was 
nearly leady for publication, bas undergraie a little alteralirai after IMas.sey’s paper. It 
follows from bi.s re.sult that the iitUieliinent sJiould also be equally impcalaiit in V layer and 
there would be nearly the same equilibrium ratio betwe en tbe eleetrons and ions as in U layer 
as a result of attachment and dctachement proeesses. Put as the concentration of electrons 
in F Payer is equal to that of ions, Massey over the difllcuUiy by ( oiicluding that the 

gas or gases present there have very little electron affinity and they are therehae nitrogen. 
This conclusion, however, cannot be reconciled with the observed facts that in ordinary aurora 
the green line of atomic oxygen (a 5577AI and in sunlit aurora the red oxygen line A 6300. 
A is prominently strong, showing therefore: the great abundance oi oxygen atoms even Up to 
a height of 1000 km. For a quantitative ehuidation of this important' point we should 
investigate the wJiolc problem from a consideration of the statistical equilibrium between all 
the elementary fundamental processes in iouosphm. 
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ABSTRACT. Ct ll (Unieiisinii.s (jf In-nzopIioiKuiL* have been flLTennined 1 >)' rotation pJjoto- 
graphs to 1 k‘ - Jn 17A, b,, - i.? obA, and r.. - 7’(jSA, with /\ iiiolcrnl(*s per niiit eell. Jh’oin 
a conibiiiation of oscillation and Weissenberg camera photographs the .space-group lias been 
found to Ije DiPai-’i i\. From considerations of the magnetic anisotropy of the crystal tlie iwo 
ben/taio rings in tbe benzopheiioiie molecule has been found tf> be inclined to eai'h othei at 
135“ ne arly, the counecting C atom lying at the intersection of these two planes. The line 
biseclingthe aaite angle between these planes lies along the h-ax is, while the mean plane is 
inclined to the c-axis hy 22" .25'. 

Ill part 11 of the* present scries’ of coiniiiuiiicatioiis, the structure of heiizil 
was tk'tcrmined, the problem heint; much simplified due to its similarity to that 
of dibeuzil. In that case tlie valency bonds binding the carbon atoms are idenli- 
cal. Sucli similaiity, however, cannot lie assumed a /iT/ori in cases where two 
heiizeiie rings are linked together by atoms other than aliphatic carlion. 
Hen/opheiione is such a substance whose structure might throw some light oim 
dilTerent type of linking of the benzene rings. A detennination of the structure 
of this compound'’ will be discussed in this paper. 

In the case of beiizo])lienone, the coupling of two benzene rings is througli 
onc' CO group aud for this reason this substance lias been taken for analysis in 
the pre.seilt investigation. 

llenzopheiione (Groth’s Cliemische Krist, Vol. V, page 102) belongs to 
the orthoronibic bispenoidal class with the following axial ratio : 

a : ’b : c=o'8sii : I : o‘6644. 

The substance was crystallised from a mixture of water and alcohol; long 
needle shaped crystals were obtained, 
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From the measurements of the rotation photographs, the axial lengths arc 
found to be 


a© “.10*30, 6o-i2“ii, Co=8'o4 

in Angstrom units., 

The sp. gravity of the crystal was determined by^ balancing line particles of 
crystals from a solution of z-iuc sulphate in water. It is found to be I'lgS, which 
is slightly higher than the value given in International Critical Table, VoL I, 
page 248, I 

vSince the molecular weight is 182, the niunl)er of molecules pci unit 
cell is 4. \ 

Nine oscillation photographs of lo’" range about the r-axis of the subsmnee 
were taken. A Weissen 1 :)erg photograph of the central layer line for lota^tion 
about the />axis was taken. The reflecting planes were identified and ^tlie 
results of the measurements are given in the following table, ^i'lie asterisks 
indicate that the corresponding planes were obtained on the Weissenberg photo- 
graph as well and hence the estimates of intensity are much more reliable 
than witli the other planes* 

Table , ' 

lyist of Reflecting planes of Benzophenune 


Axiai planes. 


Planes. 

Tnteiisitv. 

1 Plants. 

Intensity. 

040 

V.W. 

002 

V.S.* 

oSo 

W. 

200 

V.vS. 

0(10)0 

M W. 

1 400 

M.S. 

0(12)0 

1 

W. 




Prism planes* 


i 

Planes. 

i 

Intensitv. 1 

Planes. 

Intensity . 


1 1 




S. 

t)6i 

M.W. 

044 

v.v.w. 

062 

M.W. 

051 1 

v.w. 

063 

M.W. 

053 

v.w. 

073 

V.W- 
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Prism planes {coniinued). 




Planes. 

Intensity. 

o(io)i 

V,W. 

0(10)2 

V.W. 

101 

V.S.* 

102 

V.S.* 

103 

M.S « 

202 

V.vS.»^ 

203 

M.W.« 

204 

M.W.» 


V.S.* 

303 

M.W.* 

304 

M.W.* 

403 

TM.W,« 

^03 

8. 

501 

W.» 

503 

JVI-wS. 

120 

v.s. 

330 

v,s 

140 

V.vS. 

160 

V w. 

ICX) 

M.vS. 

l(jc))o 

IM.VV. 


MAV, 

1(13)0 

V.W. 

210 

W. 

220 

V.vS. 

230 

M.W. 

250 

V.vS. 

260 

V.S. 

270 

M.S. 

280 

V.V.W. 



96 



K. Ban^ rjee and A. 

Hague 



Piism planes {continued)- 


Plmies. 

Intensity. 

rhiries. 

Intensity. 

72<; 

M.W. 

86 <) 

V.W. 

7y> 

V.W. 

S71) 

V.W. 

7,10 

M.W. 

U20 

V.W. 

7*So 

W, 

93 > 

V.V.W. 

> 

M.W. 

960 

V.W. 


V.V.W. 

(10)20 

V.W. 

<S.to 

V.W. 

(in)fSo 

V.W. 


(.uiicral Planes, 


Planes 

Intensity 

Planes 

Intensity 

J 21 

V. S. 

193 

V. V. W 

0 

12^ 

V. 

1 (lO) I 

V. W. 

^23 

V. s- 

1 (10)3 

w. 

132 

S- 

I (ij) I 

\\\ 

133 

V. s. 

J Ux) 2 

M W. 

J 3-1 

]\I. w. 

j (12) I 

W. 


IM. S 

1 |T2' 2 

M. S. 

T42 

T\I. \V. 

T (13) 2 

V. V. W, 

J -13 

s, 

1 ti3'> 3 

V. V. W. 

T44 

w. 

I (l-l) I 

V. V. w. 

152 

V. w. 

2 II 

V. s. 

VS 3 

M. W. 

212 

V. vS. 

161 

M. S. 

2x3 

s. 

162 


221 

M. vS. 

163 

\v. 

222 

V. vS. 

173 

\\\ 

223 

V. vS, 

181 

M. S. 

231 

M, S. 

183. 

V. w- 

232 

V. vS. 
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General PUincs (continued). 


Planes. 

Intensity. 

Planes. 

Intensity. 

241 

V. 8. 

322 ! 

TNI, 8, 

243 

vv. 

323 1 

1 

S. 

251 

TM- 8, 

331 I 

V. 8. 

252 

M. 8. 

3 J.'? ! 

1 

V. w8. 

253 

V, w. 

331 

M. W. 

262 

8. 

332 

V. S, 

263 

S, 

33.1 

M. \V. 

272 

M. W. 

333 

M. 8. 

273 

M. W. 


M. VV. 

281 

V. W. 

353 

\V 

282 

W. 

35 'l 

V. W. 

283 

V. V. W. 

3 ^Ji 

M. W. 

293 

M. W. 

3^3 

M. S. 

29/1 

M. W. 

363 

V. W. 

a(io)i 

W. 

371 

M. W. 

2(10)2 

M. W. 

37 * 

M. VV. 

2(10)3 

W, 

373 

V. V. W. 

2(11)1 

V. W. 

381 

V. W. 

2(11)2 

V. V. W. 

38* 

V- V. w. 

2( 11)3 

V. W. 

383 

M. W. 

2(12)1 

V. V. W. 

39 -: 

V. W. 

2(12)2 

V. V. W, 

3 (i'i)> 

V. V. W. 

3(12)3 

V. W 

3 (*o )5 

V. w. 

2(13)3 

V. V. w. 

3 (h)* 

V. w. 

2(13)3 

V. w. 

3 (i *)3 

V. V. w. 

3II 

M. W. 

3(12)3 

V. V. w. 

312 

s. 

411 

V. s. 

3^3 

s. 

413 

w. 

314 

V. V. w. 

413 

M. W, 

321 

V. s. 

414 

w. 
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General Planes (continued) . 


riaiies. 

Intensity. 

Planes, 

Intensity, 

421 

V. vS. 

563 

M. W. 

422 

V. S. 

573 

V. W. 

-123 

M. W. 

582 

M. W. 


V. S. 

591 

V. w. 

43^ 

V. vS. 

592 

W. 1 

433 

V. W. 

,s(Jo)a 

w. \ 

451 

V, W. 

6ji 

M. W. 

>1, 453 

M. W. 

612 

M. W. \ 


W. 

613 

M. W. 

461 

V. w. 

621 

IVI. W. 

472 

v.v. w. 

622 

W. 

473 

M. W. 

633 

M. W. 

/j8i 

M. S. 

6^1 

• V. V. w. 

483 

V, w. 

6/|2 

V. w. 

45^3 

M. W. 

652 

V. V. w. 

491 

M. W. 

662 

w. 

493 

W. 

6()3 

M. W, 

4(if^)3 

W, 

672 

V. w. 


S. 

673 

V. w. 

5^2 

V. S. 

681 

\v. 

m 

W. 

683 

Y \V. 

521 

s. 

69J 

W. 

522 

w. 

732 ' 

n. w. 

523 

w. 

713 

M. W. 

531 

V. s. 

721 

M. W. 


* w. 

732 

M. W. 

f' ,,W 

M. W. 

733 

w. 

544 

v.v.w. 

751 

v.v.w, ) 

55 * 

M. W. 

753 

v.w. 

56* 

V. W. 

761 

M.W. 
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Plane#?. 

Intensity. 

Plaijc.y, 

luUnsiry. 




\V. 

771 

V- W. 

^>11 

V.V.W 

77 ’ 

W. 

94" 

W. 

77 S 

\’.\'.\V. 

9y 

V.V.W. 

78 u 

w. 

953 

W. 


V.V.W. 

0J 

V.V.W, 

8^1 

M.W 

071 

V.V.W. 

8.!- 

M W. 

972 

V.V.W. 


V.VAV. 

981 

V.V.W, 


JVT VV. 

98’ 

V.V.W. 

841 

]\I.W. 


V.V.W. 


IVl \V, 

9(11)3 

w. 

871 

M.W. 


V,V.W. 

911 

v.v.w. 

1 (K)) 8 l 

v.v.w. 


From ail examination of the list of the reflecting planes, it is observed that 
hoo, oko and ool planes are absent when h, k and 1 rcsiiectivcly are odd. 
There is no other systematic absence of planes. Hence there are llirec two-fold 
screw axes along the three crystallograjihic axes. Hence the space-group is 
Hi Pa, 2i 2,. 

The magnetic susceptibilities of this crystal were measured by Krishnan, 
banerjee and (luha,^ along the three axes and the following values were obtained 

Xo= — 88‘oxio”** 

Xb— — SS'dxio"® 

Xc= -i49’3Xio~“ 

The molecule of benzophenone contains two beuzene rings joined by a 
CO group. This carbon atom being an aliphatic one, its contribution towards 
the magnetic anisotropy may be neglected. We may consider the susceptibilities 
of the benzene rings of this molecule to be the same as those in diphenyl for which 
Krishnan, Bancrjee and Guha find that the susceptibilities along molecular axes 
are given by Ki = K*=66'9 x lo-** and K,* 174-7 x io,-« Since x« and Xi are 
nearly equal and are both greater than Kj and Kj, a natural assumption is that 
the two rings are inclined to each other, and the line of intersection of the two 
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benzene iJlanes are inclined to the "a " and ” b " laxcs. From the dimension 
of the cell it is easily seen that this axis is the fc-axis, for the b-axis is nearly 
double the usual lateral dimensions of the benzene ring while the a-axis is 
very nearly the length of diphenyl molecule. The plane bisecting the acute angle 
between the two benzene planes is normal to the c-axis which corresponds to 
the maximum diamagnetic susceptibility. 'Hiu inclination between the two 
benzene rings may be easily calculated as follows : 

We have 


X«+Xft + Xc^’ -3'-i5‘y X lo “ 

I 

Ki + Ka + K.i= — 3 oK'5Xio“'' 

Hence the total contribution of tlie Cf) group is 

= -i 7 ’ 4 XKr'’ \ 

and the contribution along each of the axes 

= — 5‘8 xio"'‘ 

Hence K\==Ki l x io~^’=72'7 x 

K'j.=K', and K'a- 180-5x10-“ 

Hut if zd be the acute angle between the two benzene rings, then 

Xa — K 1 cos'^^+Ivi sin^0 

or sin20=-^,''~^i 

Whence <^ = 22" 3 S' So the obtuse angle between the two rings is 
134” 5 <>'- 

Since Xn~Xb the molecule is inclined to the f?-axis through this same angle 
of 22” 35'- 
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CATHODIC SPUTTERING 

By U. K. BOSE. M.Sc., 

Physics Department, Lucknow University. Lucknow. Indin 
{Rcccivrd joi f’libliailiiiii, Fehmiiv nyA'.) 

ABSTRACT. Viiriiition of .spiilU‘riiij>; v illi incs.snrt' liiis licen iiivc.slig.iti d l|n;lIltillLtl^•(‘1^•, 
It is foiinil tlmt liii re is ;i [iiT.ssnrc lor wliicli llic .spntlciinti; i.s niUNiiimm : ludoiv this pii's.siin- 
tlu' sputU'i ing iktiv.ms very rapidly, and above it llie spattering cliaiiges liyiierbolieallv- 

Zone torniutioii of the ii.siial type lias been iiivestignled. ( ib.servation.s .sliow tbat-llie 
.sputtered i>arliele.s form a p.seudo-gu.s. 

Some data pcitainiiig to approximate pressure, enrrent, leiiglb of dark space, and time of 
exp 'Sure for obtaining films of Cu, Ag Ni, be and A1 me given. 

Calliodic simUc.n'ng was first noticed by ('.rove in 1852. Since then papers 
on the suit, ject have appeared .spasmodically. 'I'hc smumary of llie work done 
and bibliography up to 1 026 lias been given by ('lUntherselmll/.e' iuid Bleelis- 
clnnidt." Langmuir and T. C. Compton in tlicir article on “Discharge of 
Electricity (lirougli Gases “ in Review of l\loderu Physics, 1930, p. 1.S6, sum up 
the slate of things up to 1930, with special reference to the impael theory of 
cathodic simtlering. 

The great complications of a self sustained discharge with its glows and 
dark spaces make the (luantilalivc detennination of the conditions in a sjiultering 
experiment very diflicnlt. We may note as an exoetition the work of the 
research staff of (Lli.C. who tried to eleminate these comidications but Ibcir 
investigations were confined to very few substances; so is the case with the 
extension by Langmuir and Kingdom. 

b’lirllicr, as has been recently shown by Jlionson and Harris,-’ llicre are 
some other secondary effects simultaneously c.xisting in a siiullering experiment 
in a self sustained discharge. They maintain that there are aiifireciable nnniber 
of fast neutral atoms moving peritendicular to the electrodes which arc capable 
of resputteriiig a deposited layer. Electrons having energy more than 2,000 volts 
show similar effect. 

The various parameters involved in the phenomenon, as has been shown in 
pu'evious work, are apart from the gas and the cathodic metal (1) the geometry 
of the apfiaratiis, (2) the temperature of the cathode, (3) the curreiil through the 
tube, (4) the voltage applied to the tube and consequently the dark .space, (5) 
the pressure of the residual gas, and (6) the time of sputtering. All the qnantita- 

2 
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tive experiments so far carried out were directed to find relations between the 
amount of sputtering and each of the above mentioned parameters. 

The relation between the sputtering and the pressure of the residual gas is 
of special interest. Kohlschutter gives a hyperbolic curve for the pressure- 
sputtering relation, allhongh he is of the opinion that the i)rcssure plays a 
secondary role in the phcnoineiioii. Ounthersultze {ibid.) also arrives at a 
hyperbolic relation. He starts with the assumption that the sputtered particles 
form a pseudo-gas with a luirlial pressure i>x at the cathode and zero at the 
anode. It seems that tlie above results hold only for a limited range of pressure 
variation out of the ran of tlie pressure for which a self sustained discharge 
can be maintained. For when the pressure of tlic residual gas becomes suffici<^nt- 
ly small, the number of ions iminnging on the cathode may become proAor- 
tionatcly small, /.r., the current becomes more and more electronic. Now ihe 
sputtering de])eiids directly on Die number of ions impinging and also on the 
energy of the individual ions. Although the energy of the individual ioi'is 
depends on the mean free path which varies inversh^ Ihc i*ressnre, at the 
above mentioned pressures the scarcity of the ions may more than over^ 
balance the increase in the energy of the individual ions. Consequently we 
should expect that up to a certain pressure a hyperbolic relation may hold but at 
pressures l(»wer than this the sputtering should decrease witli decrease of 
pressure. It was with a view to verify this cfTcct that the following wea k 
was undertaken . 

K X 1* p: K T M E N T A L ARRAN O E IM K N T S 

In the following investigations, two sets of apparatus slightly different 
from each other were used, both in'ovcd to be equally useful. 

In tlie first set a circular brass disc A (fig. i), served as tlie anode. There was 
an aiuuilus B for connecting to the pump and the vacuum indicator. Up^n the brass 



Figure i. 
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plate was placed the bell jar C. Two dilTeront bell jars were used. The first was of 
capacity 3 litres and next a conical one with about a litre capacity. In this latter 
jar most of the quantitive work was carried out. Throu{:h the neck of the jars 
passed a glass tubing carrying in it the connecting lead to tlie cathode K which 
consisted of a rectangular or circidar sheet of the experimental metal Avith a 
hook of the same metal revetted to it at the centre. It is held tight against 
the end of the glass tubing by means of a copper wire. At the otlicr end of 
the tube was an ebonite boi), with a hole drilled through it through whicli 
pa.ssed the wire, and was sealed air tight with sealing wax. 

In the second form represented in figure 2 the brass plate was replaced by a 
glass plate C, at the centre of which AA'as drilled a hole, and tlirough this hole 
passed the metallic connection to the anode which was a circular copper plate 
of 5 cm. diameter. The metallic connecting wire was joined to the glass plate by 
means of a glass cement made with the following ingredients : — 


( 1 ) 

rolassiltiii silicate jelly 

10 

parts. 

(2) 

Sliort Asbcsl(>s fibre 

2 

}* 

1.1) 

Calcium flcmrulc 

‘1 

n 

(^1) 

Ikirium suli>hate 

1 

l)art 

( 5 ) 

(Uass powxler 

•1 

jiurts 



FlGURB 2, 

The whole has to be ground together into a fine paste. 'I'he cement takes several 
days to dry ordinarily, but it can be heated to dry (luickly. Outside the discharge 
tube was a radiator connected to the anode for cooling it. The bell jars of the 
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[>rcvi()iis apparatus are now replaced by a tube worked into the form shown in tl]c 
figure, 'fhe widest diameter is 0 tm., the wide end was ground on the glass plate 
containing the anode. h‘urlher, there is a side tube to it for making connections 
to the pump and the manoinetei'. 

Tile method of removing the tube from the glass plate needs a few words as 
the firocess is troublesome and is liable to cause the breakage of the lube ^fhe 
molliod eiupk^yed was to ]uil a thick brass wire round the joint and heat the ends 
of the brass wire. The wax melted all lound and the lube came off easily. Of 
course the ])ressiire of the air inside was first equalized with that of the 
atmosphere. ; 

Scalin;^. The temporary joint Iielwecn the base and the iij)[)er vessel was 
scaled with a prepratioii of beeswax and rosin (lialf and half). This forms a very 
conveniently workable and efficient sealing wax. Other sealing agents suep as 
likisticiiie and paraffine were used but these were found to be not so useful, 

The iniciposcd plates. Ik^lh for lueasnring the thickness c^f the deposit and 
for preparing the metallic films a glass plate liad to be ]fiaced lieneath the catJiode. 
This w^as done by placing the glass [ilate on another glass plate usually of the 
same size, which in its turn was kc‘i)t on a .stand improvised by a piece of glass 
tubing about t" diameter and of suitable height, diflereiit heights being used to 
obtain different distances between the cathode and the interposed plate. 

The picpanilioa of Ihc plates. The jdates were cut into scpiares of the 
required .size (5x5 cm. aiqu'oximately). These were boiled in siilphnric acid and 
potassium dichromale, washed with distilled walei thoroughly and diied. Tlien 
a layer of collodion w\is apiilied to one of the faces 01 the glass plate ; the layer 

was stripped on drying. This is done to remove all tin.' dust from the surface. 

Tlic treatment is essential both for obtaining a sufficiently .strong film cajiable of 
being removed from the plate and also for wvfighiiig the deposit. 

Drying ci^euis. It is l)elieved by some inve.stigator.s, such as Deri )y shire/* 
that a diyiiig agent is very necessary In some of the experiments F2():. was 
used. Hnl it w^as found to be not so very indispensalfie. 

Piiinp. A Ccnco Hyvac i)ump was u.sed for evacuating the sputtering 

vessel. A long glass tube of 50 cm. length and 3 cm. in djameler sealed at both 

ends to tw/o narrow glass tubings, served very w^ell as the container of calcium 
chloride, with glass wool packing at both ends, for drying. One end w'as 
connected to tlie pumi,> through a stop cock, the other end had a T-connection 
commmiicating to the .spiUtering vessel and the maiioinetei. 

The niauonictct used W'as a kenometar after Dr. Redden and read up to 
lo"’^ mm. pressure. 

riie iligli 1 ension C ULiiit consisted of a Ihrls transformer using 220 volts 
A.C. The maximum secondary voltage being 3,000 volts. The secondary current 
w as rectified by means of a Dodge rectifier. A Ferranti milliamnieter reading 
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up to 150 in A. and Riving 2 niA. as tho least scale di\'isi<ni gave the cnrrent 
through the discharge vessel. The anode of the Lodge reetiiiei had to he cooled 
by means of a piece of wet rag. Figure 3 represents the essentials of the electrical 
circuit. 



C - SPUnCRiNU VESSEL. 

R,-‘L0W)E nCCTlflER. 
l 1 >^MlLLl-RHMETtR. 

T ^ TRAHarOlfMER. 

V. - VOLT MEIER, 
r. - RESISTANCE 
A.-' AMMETBB. 

e.V.- ELECTRO BTATIC V0LT4imB. 



Fjguru 3. 

The voltage across the discharge tube was estimated from that of the 
total .secondary voltage after making au allowance foi the potential fall through 
the rectifier. 


Q U A N T 1 T A 'I' I V P: M h A S U R Iv J\I R N OP S P U '1' 'J' J{ R I N (i 

0 P Ag IN A 1 R 

'riicre arc, besides other, two po.ssibilitie.s of investigating cathodic sputtering 
quantitatively, (1) by the loss of weight of the sputtered metallic cathode ; 
(2) by allowing a part of the sputtered metal to be deposited 011 an interiioscd 
glass plate and then finding its thiekne.ss by weighing the deposit, in the earlier 
experiments both the lo.ss of weight of the cathode and akso the weight of 
the deposit were dclennined. 'I'lie former was mea.sured on a ,Sartarius balance 
weighing up to 1 mgm. Some investigalors object to this method on the 
ground that the true toss cannot be found !)y this method. In the present case 
this method was given uji partly for this reason and partly because it proved to be 
too tedious in the long run. While using the second method the deposit was 
weighed on a Paul Bunge microbalance. With this balance one can weigh accu- 
rately up to 01 mgm. 


Varialion of spulteTini,' willi thne. 

In order to verify the accuracy of the general measurement the relation 
between the sputtering and the time of discharge was investigated. The follow- 
ing table gives the readings. The deposit was expressed as the thickness of Uic 
metallic deposit in m/r. It was calculated by knowing the weight of the 
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deposit and the area of the plate assuming the deposit to be uniform, and 
taking the density to Ik; the normal density. A correction to the area was 
applied in the cases of thick glass plates in which the edges of the plate 
were also c«)Vercd. The area of the edges was added to the area of the 
upper face. 

(r) The conical vessel was used. The distance between the cathode and 
the plate was kept equal to 4 cm. Area of the plate was about 25 sq. cm. The 
potential applied was approximately 2000 volts and the cmient through the dis- 
charge tube w’as 20 niA. 


Tai3I,e 1 


Time of expenmeut. 

"l‘ljickncs.s of Hue deposit in irifi. 1 

5 iiiinutcR 

A 

10 „ 


15 »» 

41-1 

20 „ 

54’5 

25 M 

70*4 

30 „ 

82*2 


These readings are plotted in curve I (I,( against the time of 
exposure). 

The same apparatus was used but with the distance between the cathode and 
the plate changed to 2'6 cms. 


Tahi.k II 


Time of exp 

Press, of the gas in the 
tli.srharge ves.sel. 

Tln'eknc sp of tli dcpo.sit. 

5 mill. 

•178 min. 

37-4 niM 

10 „ 

•12 .. 

61*0 

15 

• -150 M 

91*9 

20 „ 

•ic8 , , 

iS 3'6 


These arc plotted in curve II ( 1 ^ against time of exposure). 

These experiments were repeated again with another aparatus (described 
under the second set above). The voltage and the current were the same as before. 
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Time of exposure. 

Pressure. 

1 T(i , the thickness. 

2i min. 

■186 mill. 

15 lU^i 

5 


227 „ 

74 II 


-to-o ,, 

10 ,, 


27 -fi „ 

1 


Al-o 

25 I. 1 


i/>‘5 .. 


These are plotted in curve III fl.) against time). 

In another set of readings it was noticed that a Ag cathode covered with 
oxide and other surface impurity and cleaned with sand paper, had tf) he given 
three and four successive exposures of jo minutes’ duration till the sputtering 
reached the normal value. The following table gives the values : — 

Time of exposure is lo minutes in each case. 

The vessel is of 8 cm. diameter and the di.stance between the cathode and 
the plate is 3 cm. 


Exposure. 

rrcssiire. 

hi . 

isi 

•235 nini. 

^■6 

211(1 


ifi 

3 td 

*216 ,, 

ao -3 „ 

4th 

•199 ». ; 

25-3 „ 

' 5 th 

■217 „ : 

- ... - \ 

4 I -2 „ 


It will be noticed that in spite of the difference of the pre.ssure, the sputtering 
is continually increasing. This might have been caused by some greasy substance 
sticking to the cathode The heating of the cathode while the discharge pas.sed 
had the cleansing effect, hence the gradual increase. The first reading in table I 
is also low probably for exactly the same reason. 

The points of each of the curves 1 , H, III, lie nearly on a straight line (as 
has been shown by previous workers). Some points are out as the pressure could 
not be kept strictly constant which markedly affects the sputtering. 
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Wtrinlion oj Sputtciiufi wilh Ptcssurr 
Tlic f()llo\\'inf> luatlings were taken l>y the method of the loss of' wcij’ht of 
the cathode. 

The current and the voltage were as before, 20 m A and 2,000 volts in each 
case. The pressure was nieasured by the kcmmieler the ineasurement being 
taken while the discharge was i)assing. The discharge was started after the 
evacuation reached equilibrium and the pump was kept ruuning. 

Tahi.k IV. 


IVtssiiic. 

■285 iiiin. j 

*17^' .1 j 

•168 „ 

1. 

•12 ,, 

117 ,» 

■110 „ 

‘1^5 M 

These are plotted in curve IV. 


I, OSS of weight of tlie catluide in mg x lo. 
28 

30 

36 

35 

45 

44 

49 

43 
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*Iable V gives the same relation but measured by finding the thickness of a 
deposit on a plate kept at a fixed x^osition in the discharge vessel. Some of 
these readings arc taken from those given in tabic III and reduced to lo 
minutes exposure; others arc added afterwards. 

Table V 


Pressure. 

Thicktiess. 

*340 nmi. 

iS'i ni/4 

‘195 .. 


‘179 M 



AO 

M 

'o^S .* ! 

45 

38'6 M 


These are idotlcd in Curve V. 

n I s c u vS s 1 0 N OF 1' n f r f s it f t vS 

Curves IV and V exhibit the exx^ected effect. Both of them indicate that 
the .sputtering is maximum for certain ])ressure. 

In the case of curve IV it will be seen that some r>oints do not lie exactly on 
the curve. This may be exijccted as the method used was ‘^loss of weight of the 
cathode,” vliich is ratlicj' rougli, as has been already pointed out. 

But the general agreement l)etvveeii the results obtained by the two methods 
is very prominent and it clearly brings out the suggested effect of x^rtis^sure 
variation. 



Figurk 5. 
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'2 '12 *16 ’iS *20 '22 '2>\ '2^1 '2y< '^2 "3^ lliril. 

I‘i'L‘S.surc. 

Fkutee 6. 

t)n the rifilit side of the maxima of tlie curve the nm is similar to that 
obtained by KoMscliutter and Gunthersiillze. 


Zone jorinalioii on the plate 

* 

111 expcriiiieiils with the apparatus in wliicli the conical 5,^lass jar was used, 
colourctl zones in the deposited layer of the metal, of the type observed by Baum 
Blechsclnnidt and otliiirs were observed. These zones were circular altlioukdi the 
cathode was rectangular. The radius of tlie circles were \\ell defined and did not 
bear ary definite relation to the cathode which was of rectangular shape. The 
mark on the cathode did not show any over sputteied circular region corresponding 
to the rings. The cathode was uniformly sput'ered all over cxcei)t in .some cases 
in which a very narrow ^about i iinm) border Avas left over all along the edges of 
the cathode. This is due to the end effect. 

These zones lost their sharpness with varying distances from the cathode. 
Thus at a distance of 4 cim from the cathode two exposures shoAA ed very beautiful 
rings, dark blue rings at the centre about 4 cm. in diameter. (The plate was about 
5'5cm. sq.)- Then a border of violet, then 5^ellow which extends right up to 
the corner. Near the middle of each side there is a further region of heavy deposit 
rather ill defined aloitg the edges, a few mm. broad and ruiining almost up to the 

corner. 

Wlien the distance between the cathode and the plate was decreased to 
'^6 cm. the zone formation lost mucli of its definition, only a grey central tliick 
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deposit of 4 cm. radiUvS was formed, the sides less thickly covered and the 

line of demarcation bcin^^ fairly marked in reflected lii;ht. Wlien the distance 
was further changed to 7 cm. there was hardly any zone formation. At greater 
distances from the cathode the distribution of the sputtered paiticles bectmics 
more and more uniform due to the lateial diffusion and due to the collision 
of the particles amongst themselves and against the wall. Ileiiee the deposit is 
uniform wdien the plate is kept at a great distance. 

But as the distance I^etw’cen the cathode and the plate becomes smaller the 
condition becomes fairly complicated. The si>utteicd particles may not be uni- 
formly distributed if \vq suppose that there is a preferential angular emission of 
sputtered particles from the cathode, as may Ijc exi)ccted on the basis of the 
theory of accommodation as developed by Compton and Lamar, or again, there 
will be a different distribution if wc accept the viVwv of R, Seeliger and 
Sommermeyer^ that the eniitled particles follow ICniidser’s Cosine law-. H^heu 
there are other fast moving particles, namely, neutralized oxygen and nitrogen 
atoms moving perpendicular to tlie cathode and the plate surface and fast moving 
electrons also at right angles to the cathode surface ; these x>nrticlcs most likely 
have an unequal density distribution in a ])Iane parallel to th.al of the cathode. 
Now E. A. Jhoiisou and !<. Huri'is^ liavc shown that tlicse particles disintegrate 
the deposit. Hence a deposit which might have been uniform otherw ise may be 
made iionuniforiii by the preferential disintigration of certain parts. 


The Sputtered particles as Pseudo-gas 

In order to investigate the effect of interposing a screen betw^eeii the 
“ aufangplatte '^uid cathode the following arrangenients were used. ITon the 
“ aufangplalte was placed a piece of glass tubing of diameter 1 cm. and lieiglit 
a1)Oiit 1*5 cm. and over this another glass plate of the same size as the 
anfanglalte '' was placed. The distance behveen the cathode and the 
aufangplatte being A cm. 

It is found that in all cases there was a deposit on the lower jilate along the 
edges. The wddth of the deposit was not regular. 

The tube support for the ui)pcr glass plate is found to be heavily covered with 
silver. The deposit being heaviest at the lop. Tlicse results arc guile iu accord- 
ance with the results obtained by A. I.ondou.'^ 

This result strongly corroborates the formation of pseudo-gas of the sputtered 
■particles (Kholschuttcr). especially the fact that the upper part of the supporting 
tube gets more heavily coated shows that the sputtered particles completely 
sun-ound the upper plate and its stand and then condense upon the glass 

surface. 
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PREPARATION OF THIN METALLIC FILMS 

The same aijparatus was used for preparing thin metallic films, a glass plate 
prepared by the method already described is placed beneath the cathode at a 
distance jnst greater than the cathode dark space. In experiments so far per- 
formed it was found that the discharge must l)e abnormal. The exi^osure depends 
on the metal of the cathode ranging from a few minutes in the case of Ag to a 
few hours in the case of Al. The following table gives a rough idea of the 
relations. The voltage used was about 2,000. 


Metol of 

Ca 

I'rcsMUfe. 

Dark space. 

Current. 

Time of 
exp. 

Remarks. 

Cu 

1-2 nim. 

^ '2 to '3 cm. 

t8 niA. 


very thin— lo"® 


I M 

I 


15 min. 

thick dept 






Coloured— dull yellowish 

Ag 

»» 

1 

20 „ 

5 min. 

ver)^ thick 

Ni 



21 „ 

2 hrs 

thick deposit 

Fc 

'07 .. 


21 M 

40 min. 

thin yellowish 

Al 

■07 .• 


20 „ 

4 hrs. 

very thin 


vSome of these films were removed from the glass plate by the method after 
Thompson, namely, applying a thin layer of duco laquer and on drying pealing 
the metallic films off with the layer of the laquer. Then the metallic film is 
left on a strong Al base by dissolving the laquer off in a solvent. 
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‘‘ON THE THEORY OF A NON-LINEAR PARTIAL DIFFEREN- 
TIAL EQUATION OF THE ELLIPTIC-PERABOLIC TYPE”* 

By M. RAZIUDDIN SIDDIQI 

(Hyderabad — Deccan) 

(Received lor publicatton, March 2^, ig^S.) 

ABSTRACT. The ‘‘Fourier Method” developed hy the author for the miigiie solution of 
general non-linear equations of the parabolic and hyperbolic types has been extended to the 
lion-Hncar partial differential equation of the elliptic-parabolic t\q)c 

a«« a»Ti du _ 

dx* 0/ 9f 

and for certain boundary and initial conditions, unique solution has been obtained. 


INTRODUCTION 

Apart from the iutrinsic interest of the subject, the occurrence of non-Iiuear 
differential equations in modern physical theories, is making it imperative that 
such equations should be studied systematically. In several recent papers" 
the author has developed a “Fourier method” for the unique solution of general 
uon-linear equations of the parabolic and hyperbolic types. 

In this paper the method is extended to the non-linear partial differential 
equation of the elliptic-parabolic type 

0 ^u, 0 ^u_Qu _ 2 
dx'^ 0y*~’0f “ 


for the boundary conditions: 

M (o> y, t)= u U, y; f)=*o; u {x, o, t) = u{x, n, f) = o, 
and the initial conditions 

tt (x, y \ o)= j [x, y)= S Co,,, sin m x sin ny. 

min 
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If it is assumed that S +n®) | Cm^n I =C| then it is proved that one 


and only one regular solution u {x, y; t) exists, which can be expressed in the 
form of a double Fourier series ; 

u U-, y,t)’='S, Vm,n (t) sin m x sin ny. 

The coefficients r,„,„ (0 are determined with the help of a doubly infinite 
system of non-linear integral equations which is solved by the method of succes- 
sive approximations. j 

It is found that there is no restriction on the value of t, which can eJttend 
to infinity. ( )n the other hand, the given function / (a:, y) must be of a more 
restricted character, viz., such that C must not exceed a certain constant. 
This is in general the case for parabolic equations. For hyperbolic equations, 
the function / is more general, but the domain in t is more restricted. 


R X. 1 S T E N C E OF T II E S O Iv U T I O N 
We consider the differential equation 

6 , 6 _ 8 u _ 8 

03,2 Qi “ 


• •• (i) 


and determine a solution u (;v, y, t) which is regular in the domain R defined 
by : 

... ( 2 ) 


o-^X‘^n,0'^y<n, o^ f, 
and which satisfies the boundary conditions ; 

M (o, y, t) = u (ir, y; t) = o for all y and t in R, 
- tt {x, o\ t) = u{x, ir; <) = 0 for all x and t in R, 


... ( 3 ) 


and 


M (x, y; o)=/ U, y) for all a: and y in R. ... (4) 

We assume that / (x, y) can be expanded in the double Fourier series :* 

/ U, y)= s* Cm,n sin mx sin ny, ... (5) 




such that the series S (m® + n®) | Cm.ii | is convergent. 


* pnkss otherwise stated, summation is fo be extended from i to oo throughout this paper. 
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For the solution of (ij we write 

3'i 0 = ^ (/) sin w v: hill wv, ... ((0 

n ‘ ' 


and get 


TT 3 T 

r^> 1 i f'S /•>; 0 MU i/7 sin 77 o' (/ a t/ /> f s 

... I 


/> Sin /// A' siu ny, 


^ (/) sill in V sin //>', 


— -H 

;/« Vi 


w here 


with 


(/)“ (iv, A) /,, (/7, I-) ;» (/) D (/), 

A,'’ 

a, r 


Ini (/'■‘, 1 sin /t A siu A v sin in x dx. 


In (M> 


) 

fi 

7 : 

t 


From (i), (()) and (7) we get then 


I 

sill fj. y sin 17 siu n y <{y, \ 

) 


d'V„ 


(7) 

(S) 


Ui) 


^ (/)/•' + 11“^) {/) siu inx sin ny ^ /;/ fiy 

771 , « cil ' 


^ (/ ) Sin ii/.v s 


sin 77 ;V ; 


... (10) 


therefore for all ///, i. 

(iu- -i- n^) .,({)• ... (ij) 

We have assumed here, wliat we vShail iirove later, that all the series in (10) 
are absolutely and uuifonniy con vei gent in K. 

hh-oin (4) and (5) we see that the solution (o) would have to satisfy the initial 
condition : 

Vm»v> (/i7,i/ = l. 2,...) ■ ... ( 12 ) 

The solution of (u) which satisfies the initial condition (12) is .giieu by 

t 

- {in -h n^^)f r — iin*'^ (/ - s) 

"T/yf'tiil) 17 ’ cIs 


4 
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C7/1J wC 


— (y;^^ n“)/ /*“ (m^ + rr}(i^s) 


i 


A..(A’,^) /»0'.’’)’2’ I, ,, is) V. is) ds. . (13) 

/.•Aur 


kXfxi 

We set for all in, v ^1 ; 

'/»(/) + //■) C,«,« 

and .ect from (a;.^) 

i 


... (14) 








fv) 71) fd Jc 


{m,n-i,2, ). ... (15) 

This is a doubly in finite system of nou-liiiear integral equfftions for the 
determination of the functions which in their turn determine the Fourier 

co-eflficienl v,n,nit). 

We shall solve this system by the method of successive approximations, 
and for this ])iirpose, we set 

(0) + 

^ ■<• (16) 


and for all r t 


(r) — (yn^ H- n'^)/ 

vi (0 ^ ^ w/»rt r {in^ ^ 


t 


Bii-s) 


ir-i) ir-i) 


^ "m fW 

(/c'M /A';(A‘' -) V-') A , /A A, I’ 


We have to prove thweotivergciice of this approximation 
We .shall first show that tlie doubly infinite serie.s 

V I I 

(/c-+/A-)(A=‘ + r-^) 

is uniformly convergent for all k, fi, v. 


(17/ 


(tS) 
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We have on 


A— « 

tT.V^ Cl;)/- 


Sill VI X Sin ny^ — 


Therefore 


’"-i' sill M3')n 


"■ ^ 1 1 /M' ^ '’V X 


A (sin nix sin ^j^*) (/a dy 




X A (sin k,\ sin /ty sin Xx sin rv) Ja ^yJ 


(nd^ 


isin ;n.^ sin in-< -(//’ ^ A'^) sin k,r sin 
' V. /^v X sin A./’ sin I'j* 


“H 2/cA cos /c-r cos Aa- sin fiy sin 17- (/a^ f r^) sin /,‘,r sin /^ysin A.r sin 17 


+ 2 MV sin A:a: sin Ajt cos fiy cos vy dy. 


Therefore 


I f Jk^M Inip-d’) I < - < 

{k" '• /^' )(A" + 1’*^) (ni ' < I 


' .> *! I ^w(A’,A) /^(a,i') I + I ,t' 7 ,t(A‘-A) /vT^/^r) | 




where 




?- Icos kx cos Ax sin n/x cfx, 


... fio) 


ex)s fi^x cos va: sin nxdx. 



IN 


M. R. Siddiqi 


From Parsevals’ thcorc-iii \vc kiuiw lhal for nil A', A, (i, r ; 
^ (A, A) ^ 2 , S /w^(/t,v) 2 , 

in 

- A’«.^(k,A) <c 2 , a. 


Tlicrcfoie 

/,n'(A,A) <: /I, ^ .C«/-’^A,A') <. /|, 

in , » »/i > n 

^ L^(A.A) <4. i 

in t u y 

Thus from (ig) ue ^L'i on snnimin;^, sqnaiiiru; aiul iisin^ Schwar/’s inaqiiality 
as wull as llic inequality at/h ^ a” : \ 


fv I Uf^,± 

y/j ,VJ ( /v' • ) (A ” 1 “ r “ J 


m n )}i ^ -h j; ' 


L I /»/A,A) /„(/t,w) 


+ I .i'm(A,A) /«(/i,v) I + I ,/„/A,A') I 1 


(a/'-' -H 


/»jA,A) /„(/^,v) r 


+ I .i,’«.(A,A) I +y.,i I (A,A) 


AjA) J ff 


- ^ i/»^(/^A)/:i (/v) 

^yy»v/ (a/“ -I- a ')*" I 

^•;i(A,A) ./r:o.,v)+/,^(A,A) (/.,v) I 


V I(-)^ 3 ■" 'a 
h)]'* - 4 a")' 


But the (lonhly infinite seiics ^ — - - — — is 

'>'»w 


convergent, so that 


fv I L{A.A)/„(m,v) I 1 " 

(A“ + /--')(A-' + v 2 j J ' 


and \vitli it 


the scries (nS) is uiiifunnly convergent for all h. A, /q 
V i Jm (A, A) /„ (/A,_v)| , 

^vhere is an absolute constant- 
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We write, since {in~ + ii") C,,,,,. is su[>ij<>sc( 1 to bo conver.eeiil, 


^ I -I ( I C,„,„ i “ C. 

tilt H 


We liave also for all / > o and all 


all a;. ?/ |. 




f 






0>e I ;r;/ 

I ( — I 

(tir *4 >'2) t 


1 )r" (a/ *■ r tr) 

Thus from f^Ji) and we get for all /, >o and all k, A, /ji, y^i. 


v 

iiii 


+ n") f ^ ('-> ./.S' . I •'>, 

b J ^ (/j'^ -f- /I*') (y- -I'V" 




(2:>) 


(.\l) 


/ 2 I k * 

<.,i [ll|-■\|I-). . w,.. , ... 

(«i >1 (iii- H ir ) ( /.’" H- /<*• )( A* -I I'" j 

<e. 

Tims if u (<) ■ eouvei;;cs nnifonnly for all /, we }>el from 

///, '/? 


and (22) : 


V 

'll!} b 


( /O 

(‘I 


c-i « 'MaAi; : 7 ."‘ I ■ 

j nit n iti'^n 1 


(24) 

O7) 

(25) 


h'roni (16J we gel for all / 


fo) 

i Tk* (i)\y^ 'Ll' 

rn } 9 ? i/i » 'ft in » n m • '■ 


Suhstitnting this in ( 25 ) for i — r. 


f 1 ) 

! 7a 

11 ’, 7 t tin 9 ' 

We assume that 

C< 


(i)l>C^aC\ 


1 

.\a 


so that we got 


n : 

—H 

bi > H '. 


70 (0 <C-hC — 2C. 

tn , 'n \ 


= c. 


(26) 


■■• O?) 


Substitutins tbi-s aj;ain in (25) for r=2, we g-et for iill L : 
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; (>•) 
V 

^ ; tf’ 

» w I m t n 


(t) \ <C + a( 2 C)^ 


<2C. 

In gunoral, for all » ^ j, and for all / > o, wc get 


nit n 


\w (l) < 2C. 


(28) 


Wc sliall prove further that the triple series* 


X) 


i(r t 1) 


(1) 


'ao f / ) “ Tc (l) 


r a 0 nif n !/m, n 




couvci\i;cs Ulliforiiily *for all L 


We have 


(r+l) (r) f ^ / 9 . - 

(0 -w __ (t) = - 0ir + »r) \ + 

•/ f> 


TC ' 

wt n 


') {l~s) 


nit n 




±k, A) /« o j 


(/) (r-l) (r-I)) 

'lC'(s) 7('(.s) — tis, 


^ - 77 t'v ■ 2 ; y; 2 y ’-if i !■ 

( A + /I ) ( A, + I’ ^ pc, /t A, I' /c, /i A, (/ J 

)\ jnSk, y) ln( fi, 

(A“ + V= ) 


— J|“)^ + {l—s)\ im(k, y) v) 

! ()•) r (c) (/• 

-nis) W {s)-~iV 
}t,fu [a..- a, 


T' 
e (s) 


<r-l) 

H (,0 

A. J' 


(r) (r-1) 

w (s) — 7e (.sp) 

M A ’ , M 




Therefore siuiiiiiiii^ over n?, and ficcoiint of {21) and (29) 

we ^ct for all / ^ o : 


V 
— < 

/«* 9J 


( rfl ) ( r ) 

7 e ( l) — a' ( / ) 

;/i 1 /;< I n 


i ( y ) C y - I ) 

< a. 2* 2C J\]ax ii ze ( / ) “ ze ( / ) 

//< , »: ;;y . n ■*- 


Repeating this reduction ; limes, we gel for all / > o: 


IHt VI 


( r 1 1 ) f y ) 

1C (i)-'ic H) 


( I ) (0) ; 

<(.p 3 [CTMaxS ic (i) — ic (l)\ 

m I n m t n wi i w 


( 30 ) 


( 3 O 


Now, 


(i) («) 

w (t) w (ij = — (iir + n’) 

ma n m, n 


^ ^-(ih 5 + 


»|2) (l-s) 


- '.XI w (s) d. 

A"A/uk (a? -hv J 
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and in 


V (/) 1 < C for all / as shown in (^ 6 ). 

m * i 


Therefore for all t '> o 

1 (n {n) I 

S I {l)\<aC\ 

m » 'rt i HI * n ju^ n J 


Consct|neiiUy, wc have froiii (31 ) on suiiniiinj; over ; from o to X, aiul 
remarkin'; that in virtue of (^ 7 ) .j «C < j : 


cx? 

V v 

— t — ( 

r ~ HI , vj 


(r t 1) 

f//t "f 


(/) 


(r) 

— ?»' 

1/4 1 H 


(/) 


IX' 



CuiC)'- 


tiC' 

1 - j/fC' 

'Phis shows lliat 11 k* sei ies (.Hi) is iniifonnly convcr.LK'nt fui all /. 
J'l'oin this \\L‘ eonchule that all the limits 


ir) 

ni (/)- lim h- ( 1 ) (ni,n=i ,2 ) 

Hit ^ /- ** 

exist, and that 7 v’ (/) is coutinnous. Moreover, for all / : 

HI, « 


■e 

-H 

111 I H 


w ( I) 

HI ) n 


< 2C\ 


From ( 17 ) on iirocccding to 


wc get 


m I H 


(i) = C' + I 

7/0 n 


-(m‘ + n-) 



— + 1/2] 


(t-s). 


*s? I *n ( l^- t fn (Mj I') 

(/v"*+'/F) (A+r") 


Writing again 


V 

7)1 1 W 


(I) = 


( lll^ + M®) 


7(1 (!) 


!t’ (s) 71 ’ (x) (is. 

Ii,n 


f.uO 


(:i3) 


(.t4) 


(.45) 


c = / . c' 

III, 1! ( HI" + )/ ■* ) m, n ‘ 


(36) 


we obtain 


7> 

Hi I n 


f/;=c 


j; 


(t-r) V /„, (A’,A)/„ f/i.v). x- (,) X {.vM,v ... (37) 

/c, M A, 

Thus for all III, I, v (l) salisfieslhe integral equation ( 73 ) and con.se- 

7«> n 

quently the differential equation ( 11 ). 
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We have proved in (34) thrill J w«i,« (/) | + h'"*) | {l) 


ih miifonnly convergent ; we also find that ^ | Z,„,„ (/) | is also uniionnly 

m, '// 


convcrueut. VVc cmu'lude from (ii) that 

///, n 


is iinifonnly coiiver- 


d 'V i/f , n 

dl 

gciil. Thus wc have sho\v]i Uial all the series in (lo) are al)Solutcly and 
uiiif(n‘inly couvcryeiit in R, 


The function 


n U, y ; i) - 


(I) sin )iix vSin ny 


i Cvs) 


is therefore the re(juircd solution of the equation (i) which satisfies the conditiions 

{3)and(.i). \ 

We have to i)rove now that this is the only solution of its kind. t)l)viouI^ly, 
it is enou,Ldi for this inirpose to show that the system of integral equation (15) 
has no oLlicr solution than (33), which is such that (3.^) is also satished. 


If possible, suppose that (15) lias anothej sohuimi (l) (ni, u~ t, 2,--) and 

ii I (0 I < ^C. ... (30) 

■m* w 

Then we Iiave : 




ir) 

{l} — ZVm,H ( 0 = — (k/‘‘^ + 


I 

r (m “ ^/ ■ 

'•X 


)(!-«) 




V 7i/i -A/ J>n w*, *7 1. /w ra ^ 

I^Xfxv + ’' 7 h'" A, V ■' ’"'a, 


(a') yds 




L 

1 


— + 1l■)(^ — .v) 


V fmUiXfiiit*,-'’) 


( _ 

(r-i) 

(r-i) r " (v-j) "1 

va'i 

1 

'"A, V V 

L J 

-f- 

1 

1 

r .4 

' 


Then on account of (21), (2iS) and (39) we have for all / : 

(;)'• I 

7Cyyj|n(/) | 2. 2C, . AltlX— H 


V 

iflf w 


■lis. 


(/) L ... '40) 


Repeating this reduction r-tinies wc get 
_ r 

1 ,i (/) "“ ZCyyy, /, (0 [ (rj (iQ 

n 


(r) * r _ (o) 

^ 1 'Ji’hi, Ii{l) ■“ II (1) I ^ ('1 «C) Maxlii I il'l«i,w(/) ’ii'iiifnit) I • ... (41) 
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ON THE TOTAL REFLECTION OF ELECTROMAGNETIC 
WAVES IN THE IONOSPHERE 

By S. N. BOSE, 

Dacca University. 


{liccrivi’d for piihikatlou, .\piil (OjiiV.i 


The conditions under which the electro magnetic waves get totally reflectet 
in the upper atnios|)here ai)pear still worth a closer investigation, The iisua 
procedure has been to attribute to the inediinn a refractive index which is calcti 
lated according to the classical method of Lorentz from the mechanical equation 
of motion of electrons. In an absorbing medium, this refractive index is i 
complex quantity, and depends not only on the properties of the niediinn bu 
also on the frequency of the waves : as progieS^ivc waves through the ionospherr 
arc damped, the co efficient of damping will also enter into the ex'ines.sion o 
the refractive index. 'I'he usual Appleton-IIurtee condition for total reflexioi 
has been deduced by neglecting the damping, as a first aiqrroximation, and b) 
putting the refractive index equal to zero. Discussion of the conditions when 
the damping is not negligible, gets very comirlicated indeed, certain worken 
in Allahabad, have suggested the further condition, that the group-velocity 
of the wave-train is zero, when total reflection takes place. Thi.s !!■ 
a rea-sonablc hypothe.sis, but the method by which the grou|>-velocity ii 
calculated neglects damiring, an e.ssential factor in the iihysical process. It 
appears also that the calculation of the grou|)-velocily of waves in an alxsorbing 
medium is not amenable to the ordinary methods unless the danii»ing is negligible, 
an approximation, which as has been already pointed out does not seem to agree 
closely with experience. It seems therefore nece.ssary to change the method of 
analysi,s and to take instead of the equations of Maxwell with a complex refractive- 
index, the microscopic equations of Lorentz as basis for calculation. The method 
sketched here is a general one, suitable for problems of refractive-index 
of material media, as well as for discussion of propagation of waves in the 
ionosphere. It seems further amenable to modifications to suit the requirements 
of modern wave mechanics. 

We take the familiar etjuations of Lorentz 


pV , I 0H 

’7 dt 


+ curl E=o. 


I dU 
c dt 


Curl H = 
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cliv U = f) , and div H “ o. 


The density and the convection current, p and /^V, can be regarded as 
decfmiposable into two imrts p+, and and (^>V)+ and (pV)-., respectively, 
which thus takes account of the corpuscular distribution of positive and negative 
charges, A wave disturl>ance in the inediuin can be considered by putting 


V. = li, + , 11 = 


p^ = p'i + q^c 


s 


p, = P- + q^c 


V. 


MX -h W+c'^ and V„ = V" + W-C^ , where the elements w illi o in- 


dices correS|)ond to the undisturbed state of the medium. The convection current, 
and the electric-density become on this as.sumption e(iual to 


PV- p^V, + P- V- == (pV)„ + Oc 


vS 


where 


0 = Ik + q, VI + p" W. + q^vi) 


and Oo === (/f + 


Thns tile components {(Kv i of the vector 0 correspond to the ampli- 

ludos of the fluctuating part of the convection current, and Oo » similarly to the 
fluctuating part of the electric density due to the divSturluincc. 

The process is a familiar one: When S is a linear function of y, c, i, 
with a complex factor 2 " f. , us is g:enerally chosen for discussing monochromatic 
wave-propagation, 2 n- t vS represents the jdiase of the disturbance and tJie surfaces 
for various values of S , represent the totality of all wave fronts as function of 
(a', y, z, {). In order to tackle the more general case of a damped wave-train wc 
shall not at fust ])Ut any limitation to the form uf S Init shall assume it to ])e any 
function whatever, w hose dilTerential co-ellicients may also have complex values. 
Removing the contrilniLicms on the both side of the eciuation by the various 
ijuantities corresponding to the undisturbed vStale, wx* get 


Q) 

1 / xj ^ \ ^ 

- curl ( He ) ^ - c 

c 

’ 9 , > ' 

curl ( ~ 0 . 

div ( Iut' 

♦ 

^ , and div ( ) 

We can also verify easily that 


div r ] = 

[div K (grad S,H) ]c^ 

curl [Ke^ ] = 

[curl li -t* grad S x E ] 
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I. 1 

+ 1 

0S 

J 


dl 

■■ di 


etc. 

I'nder tlie usual couclitioiis of iirojia.i’ation Iv, II ivijit^scntiu^; the amplitudes 
of the electric and ma.enetie waves aie slowly vaiyiiit; ciuaiitities whose differential 
co-efficients with rcRard to time and space co-ordinales can heiiej^lected in compari- 
son with the rai)id variatiims of the function S, which represents the i»hase of the 
disturbance. We shall therefore put the dilTerential co-efficieiits of li, TI equal 
to zero, and thus get finally the eciuations reduced to the folhwviug form : — 

^ 'J'^l':-(gradSxH)=-fl;<; 


^ M -t (grad Sx 10 = 0 

c dt 

(pud = 

(sradvS.H)-(t 

These eaii be iv, yarded as the elKiracleristic set. of the vvave-eiiualions t)f 

r,orentz, and since there arc ei^ht e(iuations, n ^ tire 

Ox 0 3 ’ O;: o I 

taken as unknown, certain cotnpalibilily conditions have further to ))C satisfied, 
whicli will f;iive ns tlie conditions under winch w ave-jnopa.eatioji can lake ])lace. 
We proceed to calcniate tliese conditions by the usual method of vector-analysis. 
We have only to rejneiiil.)ei that, as the coni]»onents of vectors may have eoniplex- 
values, the geometiieal inter])iettition of the vaiioiis ([iianlilies may not l)e so 
immediate as in the usual cases: also a relation A^ = o, does not mean that the 
vector vanishes, as the comjionents of the vethn- A., , A„, A , , need not be zero, 
when A*i “t A? + A? ” o. 

We shall call such vectors as singular, and in the prolilem that we have j^ot 
before ns, considerations of singular-vectors become important, 

A few remarks regarding the geometrical interpretation of a singular vector 
may not be oul-of-place ; regarding the components of a singular vector A, as 
decomposable into real and imaginary parts, we can always chose a real direction 
(A, fi, v) which is perpendicular to a complex-vector, vi.:,, (A^ ...) 

ix., such that +tA8 — o 


ne., an imaginai7 v^eetor A, may be regarded as defining a real plane. 
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If co-ordinates are chosen so as to represent this plane, as the plane of (.vy), 
a singular vector A, whose A'^ = o, can be represented as 

(A, tA, o) where A, may be a complex (piantity, /.e., A is of the form 
[k+ L/x, — /x + ty\, oj. Any vector perpendicular to a singular vector, will have in 
this co-ordinate system, the general form (P, lP, O) where P and Q may be 
complex quantities. A non-singular vector, C perpendicular to A, wn’ll have t ‘h 

Qto; a singular vector perpendicular to A, will also necessarily have Q = o, 
he., if A and B,are twosingular vectors, both conditions (A.B)“0, and (A x B) = Op 
may be satished at the same time and all singular vectors perpendicular to one 
another may be regarded ns lying in one real plane. 

If A and B are two perpendicular vectors of which one is singular while the 
other is not, any vector which is perpendicular to both A and B, must necassarily 
be singular, and will lie in the plane of A. This proposition follows immeuiately 
liy writing out the general form of A and B in the manner explained above\ and 
trying to write down the general form of C which satisfies the orthogonVlity 
condition. These preliminary remarks will be useful in discussing the singular 
case of total reflection, as we shall see later on. The other tw’o relations in vector 
analysis which we shall have to use pretty frequently are 


A.(BxC) = B.(CxA)=-B.(A xC)-etc. 


(\) 


and 


Ax(BxC) = B(AC)-C(AB) 


(II) 


These have unrestricted validity even when the components of vectors have 
complex values, as they are formal identities, involving only re-arrangeincnts of 
terms. 

We shall at first deduce certain general conclusions from our equations 


I';-(«nulSxH)=-^Vf 

... (J) 

H (Kiad S X K) = 0 

... (2) 

{{•rad 

... (3) 

(grad S.H) = o 

... (4) 


hcalai multiplication with grad vS of (i) gives, taking account of (3) 


1 

c 


I f X + gi-adS) 
o t 


- o 


(A) 


a relation which expresses the conservation of charge in the disturbed state of the 
iiiediuni. 
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Vc'ctor multiplication by grad S, of (2) gives 


/25 


V % "" H) +grad S X (grad s x IC) 


taking account of (i) we get 


X /dsr 


,.2 


dij 


(grad vS)' 


“ :J*v7 
( (it 


Scalai multiplication of ( 2 ) witli !( gives (](]{) 

vSealar mullipliealion (,) wiU, n gives (t?n)==() 


( 11 ) 

(C) 

( 11 ) 


Rclali,,.. (C), n.) a,„, (,„ ,„a. Cl,. vecC.,,, ,, 

|.l.-.nc l«„.„.li™l,., ,.b, ,„^8S 

d< ' ■ 

This vector I,. rc.„„,-,u.,| ,vp,osc„(,„„ 11.. rCc of cI,.,„ko „t i,„|, „ ,11) 

of Max-cvdl's 1 ^, J' 

DCKlicla. ,0 sra,l S .vhil. i; ^ '>'•“>- W" 

0 . 00 .:!::::::;“' 


nNKUOY AND MOM KNTriJW R Ji J, A T1 O N S I 

w A V I-: I' JKI/J) 


N TDK 

Scalar multiplication of (r) and ( 2 ) by E and II respectively give, 

I = 1{. (grad S X II) = - g„d S \ !{ x II | 


I 9‘^K2 .(I(fl) 
e '3/ <• 


1 3S ,,•> a r 

" Q, H“= - grad sricxn) 


•• (K) 
- (P) 


aclflition and subtraction of (10 and (F) give two further iinpurlant relations 
L ^ [K" + H-’ ( , inO) 


9 / 


■grad S| Ji X H J 


... (('.) 
... (H) 


also vector multiplication of (i), and ( 2 ) by H and li similarly gives 
I - -|^(U X H) + n X (grad S x H) ^ H 
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or 

I 

c 

(Kxll) + ii2grad S = - 

c 

also 

1 

c 

0 S 

g-y (F X II) -h FSgrad S— K (grad S.n)=o 

or 

I 

r 

g ^ (JC X II) + c;=(9^^ J,; 


SiiI)traotin« (I,) from (K) wc have 

Krad S = - 

Miilli])lyin« (K) and by ^-ad S, 
we have the fiirtlier relation 




c t ^ | "" --- = - n (grad S) - 


- (K) 


•■• (IJ 


(M) 


~ grad S [K X II] --t/o''-(grad 


but grad S (<!' X 1 1; = - 0 (grad SxU) = -^ ( 0'^+ ^ ^ (Ufu 

f \ 9/ ■ 


or - grad >S (6>x II)= - 


These two relations thus become 

J as 


1 9Sfr<9i 
c'^ d/ ^ 


^ gj- gradS aCxH)_+ + 'a “ ferad S)^ 


y I S p (jr X H) = - (grad S)^ + <?g. 


From these we get 


t?-’ 




or rememlx-riiig (II) we see tliat 



as 

df 


—.(grad .S)** 




(H2_ir2)-362 


also (grad vS) -M^ = (grad + (grad S x H)® 




b:“ + 2 ‘f(F(9)+<?2 

at / Ai 


(p) 
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jve get 


L-|^eradSaixH)=-i|f K»f+(K«) 


=^8— (grad S)*K“ 


wKich can be written in tbe form 
I f (i&\ ei\a lT^a I (1 


-ify-ferad S)» f 


This equation could have been iiiniicdialcly deduced from (li) by taking scalar 

multiplication with K ; 

Equation (B) 


r_^i_93 

I 


(grad i^)' Ti + -g- - + grad S fgrad S. ri) = o. 


gives us gencially the inulual disposition of Iv, 0 and grad S when wave- 
propagation is i)ossibile, w hereas the equation (Q) written in the form 




O ... (Q) 


may be regarded as the equation for the refractive index, detennining the velocity 
of proj)agation in any direction, prescribed by grad S. 


T TI IC NOTION O 1^ T H K R K I' R A C T T V IM N D IC X 

A surface S (x, y, z, f)~C, may be regarded as moving i)erpeiidicular to 
itself with a velocity, given by 


grad S 


(grad S) 


the refractive index, can be defined ^ ^ 0^ ^‘ii*'ceing wdtl 


usual definition, which however can be complex in the general case# 
Introducing equation (Q), can Ixi written in the form 


^ E“ i dl 


dS .j_c®(gradS.Iv)^/ / dS \ 
j, + - ga- — / j,-| =o. 
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ON RELATION BETWEEN E ANI)0 


Karly in the paper vve have exi»ressed 0, in terms of motion of the positive 
and negative charges, namely, 

O^IPo WS + q^ViH-PoW- + q“Vo] 


These involve in general I)olh the original distribution of the charges, 
their velocities, as well as the am] ditudes of velocities, and densities of positive 
and negative electricity due to the disturbance in the medium. 

From general considerations, vve can ex]>ress the relation of 0, and jv in 
the following way. I 

We have seen that during prolongation of disturbance both ^ and E\ lie in 
the plane 1 perpendicular to II. Therefore, ^ can be decomposed into two \coni- 
poneiits, one along K, and another perpendicular to K, in this plane, i. r.t u) the 
direction of (Iv x II ). ^ 


0 


thus can be put 


avS equal to alvl-/3 


[ExHI 

IKI 


(^K) = oK^ H 

I'. 


also from oquatious of w’avc-ijropagation 


^ X Ii = rH (grad S. Ji) or j = 0'^ I . 
Writing' tlicreforc 


6i = oT(-t P 


[Kxni 

IKI 


wc see Dial 


a — 


(KW) 




ro,, 
I K 


vSo that the refractivc-iudex equation can be expressed in lennSj of a and in 
the form 


Further, 




+ 


dS/(// 


+ =o- 


« 


as the vectors F and H are perpendicular to one another it follows that, 
a and ft, are two co-efiieieiits which stand in very simple relation to 
the total polarisation current ; ^ and ft however are not constants but may involve 


grad vS, as w^ell as 


dS 


dt 


i.e.y 


may be function of direction, and frequency of the 


weaves. 
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12 


CONDITION 1-OK TO TAD R K F D J? C T I 0 N 


It is vvcll-kiiowii lliat for clcclro-iiiai^nclic waws in vacnnuii wc lia> 
as well as (li.ID^o I'or waves in inalerial jnedia liowcvt 
E‘^ — but (JiH) — u remains still valid. The mtio of ihe elcclrie an 
iiiaguctic vectors cle])ends generally niK)ii the proi>erties of the niedinin, as we 
as on the frequency of the wave and we can exiaess this fact, by the relation 
(ID and (]\D 


which are 


L 

c di 







The ratio of the ampliliides of the vectors, iT'^/b^^, can therefore be expiessed by 
the following relations : 


ds (R^) ^ 
dt R"* dl 


grad , grad vS , 

Iv 

depending upon the proi)crty of the nicdiuin, and the direction of dis])osition 

of the vector K, w ill generally vary with , as w^ell as with grad S. 

h/ dl 

If however, tends to such a value that I p'ij follows that 

di o t ^ 

the ^^ector - o ( U i= o ) independent of the amplitiule of the wave 

traversing the nicdiiiin j the divSturbance in such a case loses its wavc-chaiacteif 

so that we can say the wave cannot penetrate beyond that region, and gets 

II" 

totally reflected ; we shall therefore take this condition e(j[uivalcnt 

condition as characterising the condition of total reflection, and w^c can also 
correlate it wdtli another physical idea. 

We have also proved the following relation (F) 

4^ H2= - gradS [lixH] 
c dt 

and also 

as 

C 2 2 

L 

grad S (E H) may thus be regarded as proportional to tlie flow of energy 
across the surface S = constant, so that grad S (U x II) — o may be interpreted 


ii5L= — grad S (K x 11) 
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to mean that the flow of energy across the wave-front vanishes. This agrees 
with our usual idea of total-reflection, at a boundary of two media, where the 
energy flows along the boundary interface in the limiting case. 


We have also seen that 


I grad S I 

L 

c Qi 


= H = the refractive index of the medium. 


from ( 2 ) we have 


ave 

y dt j 


112 (grad SxK)2=K2(grad S)2-(gradS\li)* 
I (IS 


dl 


grad S[ExH), 


we have 


H* 


K2 


(grad S)2 
~/d.S^V~ 


dt 


(grad S.1C)2 



gradS[Exnj 


I 


c 



H(gracl vS X E] 
c dt 

0 


In case (grad vS.K) = o, we sec that condition — 0 , is equivalent to the 

condition /a^ = o, as has been assumed by Appleton to characterise the case of total 
reflection. If we now exaiiiine the condition (B) which gives the relation between 
the vectors U, 0 and grad the condition fl=o will mean, that the wave is propa- 

A 

gated under such conditions that the vector E is parallel to 6, 

Multiplying (i) vvitli E, we have 

ExS=cEx(gradSxH) 


= — cH (gradS.E) 


so that (grad S.E) = o will mean E x 6 = o, i.e., E is paralled to 0. 

We thus see that if IJie wave is such that E is II to 0 the condition of total 
reflection H=o, or grad S (ExH) = o is equivalent to the assumption itt=o ; 
in the general case of wave propagation when E is not parallel to 0 we would 
expect on the other hand the condition H2 =o as giving a new result. 

H|=o, or grad S(ExH) = o, may be regarded as equivalent to the 
assumption that the group- veloc ity vanishes. The condition of total-reflection 
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postulated above is obviously suitable for a train of damped waves, because 
our analysis is general and the condition of non-penetrability has been deduced 
independent of all ideas of frequency. 

We shall now apply the results of our analysis, in the particular case of the 
ionosphere. 

The contribution f>f the positive charges, as rvell as of the bound electrons 
in 0, may be easily seen to be negligible in comparison w ith the contribution of 
the free electrons. 

We can assume for the ionosphere 

0 = [poW~-l- g'Vo] 

where these quantities refer only to tlie free-electrons present. If we average 
over a volume containing- a large number of electrons, but small compared with 
the w'ave-lcngth of the disturbance 

Po=Nc ; 6=W^W ; 

the average value of the second term qVo, may be regarded as zero as the 
initial velocities of the charges, may be regaided as distributed chaotically in all 
directions. 

Writing the equation of motion of a free electron after Lorentz as 
vii( + gd>=c -f etc. 

where (h^, hy, /(,) may be regarded as the components of a steady magnetic force, 
we have, dividing by and multiplying by p—'iic, and averaging, the following 
equation 



where , etc ). 


* 0 s s 

Remembering that for a oscillatory disturbance 0= c'’ as before also that 

s 

the other terns in the equation varies at c' , 
the equation can be written as 





m 




» S 

Cancelling out o'" . 

is usually called the collision frequency of the electrons. 

VI 
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Wc shall use this equation (Z) to calculate— ^ or 

h* E 

Case 1 ; This can be regarded as decomposable into two subcases. 


(a) When 


Oxch 


Cm 


= 0 , Kc., 0 is parallel to the external magnetic field, equa- 


tion (Z) shows that 0 is then parallel to E. 
and 


^ U ' I 


E ' I \ 

the equation for determining the critical frequency for total reflection, becomes 


(IS , N(!= //(IS . \ 

dt ) ° 


or 


or 


/ dS 

^ dt 


^ / dS \ Nc* 

r—~° 


(it 2 ^ m 


This determines the dependence of the critical frequency on the ionic density; 
the train totally reflected is therefore of the form 


v^Nf2/— 

c c 


or v ^/4 

and the damping co-efficient is v/^ 


Case II : Wlien 0 II E and e^=o 


that is the vector 6 is singular, O^ — o but 0 ^ o 


a vector {0 x — — ^ ) will represent a vector i^arallel to 6, when h is non-singular 
cm 

and perpendicular to 6 according to our former remarks about singular 
vectors. Choosing the • direction of as the direction of Z, wc can write the 

relation 


f dS 
dt 


-H V 



N£!. 

m 


E+ 



ch \ 
cm 



in the form 


Reflection of Electromagnetic Waves 


133 


dt I m * cm " 


or l-^- + 
\ dt 


~^-+V W — T' a 

dt / in cm. " 

im j + (Li,±tE,) 


1$ 


- bccoiues equal to j— Nr^/ 


f +v±. -t/1, 

c;// 


according as and K are of tlic form (A, + 1 A. o). 

The condition of total reflection now tiecomcs, from (11) 


oalliiig 

we have 


dS 

/ dS 



di 

\ Jt 

+ V ± fc 

„J 1 

cm j 

dS 

'd~l 

H-v/g 

+ t — 

2 cm 

r-' t 


-1-2/^ H- 

, C^ /fS 


m 



■ =0 

m 


2i'm 


.-luuvv: l:ljluiljuu, we lUKl tlial 
polarised and the critical frequencies are 


AC- nr 2 cm 


m 


‘i'c± =v/. 


T i 


ch 


L 


2 cm <t>' 


\^hcrc 




jn 


v^U + 


_J^hl 

A c® 


vSotbat when we have the critical frequency = J:^' , 

cm ' '1 ‘ , one of 

2 cm 


^ , one ot 

the circularly polarised wave will be suppressed, a.,.l , be other will LcSccM 

IVll tl H 11 rl 1 It n-M 1 l'It v-.>1 Jd.wJ - *,* ... -L _ 2 

-'-V, 


with uudiminished iuleusity: as this will uceessarily meau . . 
the reflection of plaue-polarised wave, discussed above in case I wili L occu! 

„c .C J.-a..- e., . . „ . 

in 


as the condition of total reflection gives m, =o. if = 

These two cases, correspond to the cases discussesl i,y Apideton bv Duftiu. 
uelle^. «■' «‘l-..-4uLcy it 
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Combining (a), (6) and (c) \vc can easily dediice 



when E and 0 arc non-singular vectors. 


Now if we consider the case of total reflection as defined by grad S,[E xH] 
[Q] gives as well as ^§-{grad S)^ I5 = o. 
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( Ki ~ ) then becomes equal to — + 

cm ) cm 


\ cm / c tn^ 


i:J- H." 


+ ai // i /( B 


K.Ub 


dS ^ Nc^ 
o - — + 

dt III 


CHI' 


"'■'li,^- J'b" ' 


when the collision frequency is iK\e'lectcd this similarly hecoines 



2 


N<:‘^ 



m 

0.2- 



when lijh, 


i; — K '-i 

This shows that the two cases, will be either h^=^o, or hy=^o 




Nc2 

in 


,2- 

nJ-Uy'^ 


Nc®_ 

m 




, or 


* 2 2 A 1 ■ !> -f ‘ \ 

c*- jh/, (hv,. J 




,.2-. 




Wc have therefore 








COS^'i 


..2- .!:■ 


2,, 2 




when h is 1 the major axis, 


or 


,>a — 


Ncf 

0)2-. 


Kr^ COS®a 

m 


c“.h“ 



,. 2 - 


chn^ 


when fe is X to the minor axis,. 
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Now also grad S.[K x II] cau be wriilcii iu the form H(grad S x E), we 
that grad SHE 


and 



I I 

(grad vS)^^ 


grad S 



1 


K' 




a if grad S is a vector whose coinpone 


have real ratios. 


The relation 

dt 



+ = o becomes 

Ir 




If the disturbance is plane-polarised and the collision frequency is vsmall w 

# 

can put 


V 


= 0, 



K] 


ch 

cm 


= cos^n 



where a is the angle between the direction of propagation and the magnetic lines 
The formula becomes, putting =1.(1) ^ 


.. 3 - 




COS^fx 


agreeing with the formula supposed to be derived by putting group-velocity = zero 
by Bajpai andMathur.^ 

We shall have to remember however that E may be a complex-vector in the 
general case, any complex vector E= [E^- etc ], may be regarded as 
perpendicular to a real direction, and choosing this direction as the direction of Z, 
we can choose as components of the comidex vector, (Ear, iHy, 0) where .r, and y 
are certain special directions and the external field is regarded as hayipg 
components //„, lit) m these special directions. 

7 
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PiS) + ® / 

r/,r 


or 




,o AVV.,.«A/S Y 

‘^ \ dt J -8ra(l-‘s+ \ / 

dS , \ 

^'' I rf/ '^'■-‘ ) 

' < »// / 


^Y V 

* y 'fcracl Sj» = o. 


If 


/ . rf.S 

total reflection is oLt ■ , ^ 

°^'“’nc-d as before by nn,if 
canak.,,._. . ‘ ^ 


srafls s, can also I ^ 

“"aAo Income infin/te if <i>S 


i ^ f . — ' '~j;- = + 

' ■' ■" “ r«, '’ 


oi(lie|- 

^'^'j i/S) iiQp <9^ = 0 

^ IS not parallel to I^. «''■') ^ o 

W^'Jiavc to proceed to furtbo n- 

'lie elinnuation work be ^ to the rclricf ■ 

tJ^^ direction of Z ^ surface 

^^-eetor equation is now • ’ 

‘^‘^'^‘valent to the three seal 

«i»ations 

_ I X-r O 


^ fonts', + S,(9,+g^^j 


:) 


(it 


(‘■-e- •■■^. ...i) 


where 


••• («V) 
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thatiradS « ter.dS)»±*^(S)..f 


««'■ ( 'ii j ■ ( “if + ^ j = ° “ 


or 


(iS 

~dx “ 


dS 


dS 


n^T n-d7h 


dS / dS 

I / dS V 


+ V + 


Ne^ 


di 


dS / dS_ 
d/. I d^ 


+ V 


or putting 


dS \\ ( dS V. 


dS V- I dS Y 


dx 


dj^ 


2- 

;u'* = i + — - 
in 


y 

dS / dS 


di 


+ V 


di y d^ 

which agrees with the ordinary expression for the refractive index for plane 
polarised ordinary ray. The singular solution of the ecjjuation (i) when p{S) anc 
(grad vS) = o gives the case of total reflection. 

Case II. When 0^ = o 

(0 grad vS) = o. 

The vector equation (R), can be .satisfied only when 

/ 


US)0-{rS?^4 0 

i di 


IX ^Vo 
cm I 


i,e.. 


'Vlic’ ( ^^sK\ beconies pavallcUo 0- 


CDJ 


\ ' .1 0 is 

This tS veer. 

rrrrrr: ;:rrr — —• 

db 0 .-£_=o 
US)0.i-''£^^^'"dt * cm 

dS 0 _£!l=o. 

US)0v + s(^^-dT cm 

So that remembering ^ ["l^Y ( ch = o 

L®iS) + 5^8)1%) \^cmj 
we have \ z ' 

,,WeU breaks UP ihto wo erustioh. 
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From (0 and (it) we easily get the relations 


' 14 / 


and 


Os 


L*(s)+g«(s)f f 

dl I 




. Nf^ 

til 


L'*(S) + g2(s)|^ dS 


Us)s,+s,^{vS) (SA+SA+s.^) 

at cw I 

\ 2 “• 

S \ 

U ] J 


Nc® 

m 


at cm 




r,,(9,= sjsA+v<5„^'„+s,(?..l 

III ' 


(K 


]v(S)vS* + S,£(S) -‘'f 
dl 


Ch^ 

cm 


vSx(';t-KS^(9„ 




r.^h‘^ 


Ncf 

m 


. . . (iv) 



Nr® 

7n 


(v) 


... (vi) 


multiplying (iv), (v) and (^>t) by vS,, S^, S, we have 


or 



.jsw^y 

cm I 



uow writing 


S,® = grades cos®4 
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where a — the angle between the wavenornial and the magnetic field, we have 


L^(S) 


L(vS)- 


m 


grade's] +^2(S)I.(S) ( j-f) 

\ j \ cm J 


m \ cm / ^ " 


dt 


grades cos^a 


reiucjubeiing 


grades = ^fS)£(S) 

m 


and rejecting the factor g(S) the eqifation finally assumes the form 


/>(S)I.“(S)4 g(S) 


ch Y 


di 


cm 


L(S) 


m dl i 


^(i>) j grad‘^vS. cos^a = o 


when this equation is regarded as a quadratic' in (g rad vS), i.c., when the value 
ii’ supposed to be i)rescTibed, the two loots of grad'^vS, become, let us say 


(/S 


^/s J 


^ yd/ ’ y' corresi)oncling to ^any pres- 

cribed 

Corresponding to the two refractive indices 


hi = 


S ' dS I 


[ \dsl 


y , and /aS 


f ^ i 

, _ "I'if \ 


-:=f 


</s 


When damping is neglected, - - =i(o 

dt 

We see from (re), (v) and (vi), 0^ : (;„ ; 0. 


defines a complex-ratio, as I, (S) w ill become real, and pure imaginary, the two 

split rays will there be elliptically polarised, and the ratio of the axis, projected 
on a plane ])eipenclicular of the magnetic field, is easily seen to be 

2 


i(S) iff- ' '' 

dt r})t 
US)' 


:(vS) 


(IS / i-lt 


di y c>n 
-grad-S 


I / (ivS 
r2 \ di 


— grad^vS 


ell 

cm 


dS 

dV 




dt 


vic^ \ dt 


■I 
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for large values of graeV'^S this tends to 


rh 

ClUix} j * 

Writing ofit the etinalioii in exlenso, and putting grad“(vS) v 
W^e see the equation 


o “ '/?(vS) 


/'(vS) / 

yys 

.. / 

ds 

n 

dv 


' ( V-v 

/ ch / .ys \ 

,2 \ 

. dl 

/ dl \ 

. dl ' 



V ,// / ■ 

\ , III / \ dl J 


i /^(S)/ d'A \_( i/S 

\ '"1 ''' r-'\ 

'rile ef)-e]lieient of ‘ 

. Ar^ 



d^ . 

A'.- 

1 

1 

dl 

/ 

cos ot 
ni 

\ / 

l/vS 


v) , 

di 

1 d! 

/ \ "" 


dS 

ill 


<ys / f/s 
ill I ill 


C'OS^CX 


The absolute lenu on the other hand is c(iual to 


ns) dS 

’ \ di 




(/vS 

dl 


P(^) - 


ell 


. A(S) / (/vS \ 
c'\dl ) 






(/S 

dl 


cl I 
I m 


We get therefore 



as dcJining the critical fiequencies for total reilcxion. 'This is in the general 
case when collision frequency is not neglected an equation of the fourth degree 
liavir.g two different conjugate complex roots coi i esinjiiding to two “IbptiLajly 
polarised rays : 

or when collision frequency is neglected, 


and 


dS 

dl 


tti), 


the above relation reduces to 



8 
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whidi agrees witli the expiessioii arrived at by Rai, Bajpai, and Matluir, and 
also with the result arrived at by another method. 

h'rom energy consideration, we have seen, that w'hen Ij 9 the condition of 
total j'eflect ion grad vS [bixllj^o, is .satislied (grad’S)''^sr o ; Here the propa- 
gation stops from penetrating further, as II vanislies, and the lield beyond be- 
comes electrostatic in ehaiacter. When (grad vS K) 4^ o, which will happen when 
the direction of propagation makes an angle with the ina.gnetic field, the electric 
vector, is not the v\ave front, and the total- reflection condition re.sults w'hen 
electric vector coincides with the wav'c normal. This happens as (grad vS)“—><x 
The Toynting vector then lies in tlie wave front ; The flow of energy .across 
the .surface stops, and llie waves get totally reflected. . 


c (• N c 1. u s I (> N 

We have discus.sed the (jLiestion of iomesphere at some length, but it w'ill 
be easily .Seen, that the method can be ap])Hed with the .same case for discussion 
of proi)agatiouof light in a material medium. We have only to utilise the corres- 
ponding Loren t/.-ei| nation fur motion of bound-electrons, which can be made 
to yield a relation similar to the eaiuation (Z) deduced for the ionosphere. 
Readers interested in mathematical analysis will easily i'ecoguis« the method 
as an ai>plicaliou of the method of characteristics, used for discussions of 
wave-propagation by Iladamard, Debye, and others. vSo far as the 
writer is aware the method has not been applied to the microscopic equations 
of Lorentz, where how'ever the extension docs not seem to create any difficulty 
wdieu the weaves, are looked upon as pos.siblo modes of oscillation of the stationary 
clectro-magiictic field, generated by ]»ositive and negative charges, present in 
the medium. 

PlIVSlCAl, IvAIIOK ,\VvV.!.V , 

I’mccx. 
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’ ltaj|)ai,R. R, anil IMathui, K. 11., /in' J I’liyi , 11, (ly.l/). 
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ON THE HEAT CAPACITIES OF A FEW CRYSTALS 
AT LOW TEMPERATURES 

Bv S. C. SIRKAR 

AND 

J. GUPFA. 

{Received lor piihlkatwii, April .’5, 

ABSTRACT. The heal capacities of crystals of ntunioiiiuni I'hloridc, carhon rlic)xicle, 
sulphur aiitl hcn/.enc observed at low temperatures have been exaniiiied in order to asrei lain 
whether the observed values r)f indicate the presence of tlic cvni(ribiitir)iis of Debye 
unctions corresponding to tlic new Raman lines iji the l»nv fre<ineJi('\ legion r)bservcd with 
these crystals. It haa been found that in the case of aiiinioniuiii chloride a Debye function 
corresponding to the line 183 cm \ and amAher Ivinstcin functltui h)r the angulartiscilln- 
tions can explain satisfactorily the values of C,, observed at low ttniperatures. In tlu- case 
of carbon dioxide and sulphur on the other hand, Kinslein functions Cf»nc:sponding to the new 
lines, instead of Deb>'e functions have to bt^ taken into account in order to explain the 
observed values of C\, . Tn the ease of benz-eiie also, there is agreeiiient bet wci n the observed 
and the caleiilated values of C\, if the Einstein funetions corrt‘spomling to the new lines 
are taken into consideration. It is pointed onl that the a])ove fact as well as tlu^ seleetion 
rules for the appearance of Raman lines due to Inttiee oseillalions, when applied to tlic 
crystals of benzene definitely lead to tJie coiielusioii that the new lines arc not due to Udliec* 
oscillations in the case of benzene. 

It is well known tliat the heat capacities of many crystals at low tempera- 
Inres are not given by a Debye function alone even wbeii tlie contributions of tlie 
Riiistein functions due to the known intramolecular vibrations are quite negligible. 
It was pointed out by rauling’ that simple molecules, c.g>, N.>, t)^’ CO, HCl, 
HBr, etc., execute angular oscillations about equilibrium orientations even at 
very low temperatures, and in some cases the iiK)lecules rotate freely in the 
solid state above some critical temperatures. As the frefiueiicies of such oscilki' 
tions are low, the corresponding Kiustein functions conlrilmle appreciably to 
the heat capacities at low temperatures, Ijesides the Debye functions. The contri- 
bution of the Debye function to Cv can be easily calculated if the frequency of 
lattice oscillation be known. In the case of the substances mentioned above 
the frequencies of lattice oscillation were not known and therefore Pauling 
tried to calculate the values of r, the frequencies of angular oscillation by 
assuming that the temperature at which the heat capacity reduces to 5 cal. /mole. 
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per fli'jieeisL'qiial l(j and the scijaratc contrilmlions of Debye and Einstein 

functions could not l.'e calculated Jiiore accurately. In recent years, the study 
of the Kainan spectia n! S(jlid substances liaving' molecules more complicated 
than those discussed 1 )> J^aiiliu!.' has revealed the presence of new Raman lines 
witli values of Ai' raurdin- from about .mj cm'* up to about 190 cm“ * . Cross 
and Vuks" who litst observed these new lines in the case of a few aromatic 
compounds suggested that the lines might I)e due to lattice oscillations. Such 
lines were observed f)y one of the present authors'' in the case of many subs- 
tajices in the solid state and at the temperature of liquid oxygen and those 
inxesligations have since been extended to a lew organic and inorganic coihponnds 
by the present authors. It has also been pointed out by one of the fjrescnt 
authors '' that strong new lines are observed in some casts even when faltice 
oscillations are h^rbieldeu in Raman effect according to selection rules. Recently, 
Venkateswaraid’’ has suggested that flexural oscillations of the lattice are resr)onsible 
for the origin of the new Raman lines. Since the oscillations of dilTerent nH)le- 
CLiies have delinitc i»hase relations in the case of the flexural oscillation i«oslulated 
by Venkateswaian, this oscillation is diOerent from the angular (jscillations of 
individual molecules postulated by Rauliiig, and should l)C treated as a lattice 
oscillation wlien its contribution to the heal capacity is cuiisiderqcl. The object 
of the present pai)ei’ is to discuss how' far tlie observed heat capacities at low 
temperatures arc explained by assuming that the new lines are due either to 
ordinary lattice oscillations or to the flexural oscillaliuns of the lattice mentioned 
al)ove. 


A AT M 0 N 1 U U C II I, 0 R 1 T) K 

It may be of interest first to examine whelhcr there is quantitative agreement 
between the observed heat capacities and those calculated in the case of the 
crystals for which the frequency of lattice oscillation is known. The crystals of 
ammonium chloride fnriiisli a suitable example to be dealt with for this purpose, 
because it has been shown by Men/ies and jMills" by investigating the Raman 
spei'lra of these crystals, that the new line at 183 ciir** which appears at temper- 
atures below - 3o'\" is due to lattice oi^cillatiou . It has already been pointed out 
by Pauling that since there is a catastrophic change in the heat capacity at about 
probably the aiiinioniuin ions begin to rotate freely at this temperature and 
therefore at hiwer temperatures they are executing angular oscillations of small 
amplitudes about equilibrium orientations. These oscillations do not produce any 
api)reciab]e change in pularisability in an isotropic ion like NH^, and so the Raman 
lines due to these oscillations are not observed. Also it has been shown by Meiizies 
and Islills conclusively tliat the new line at 183 cm“^ is due to the oscillation of 
the lattice tlirongh the NIT ^ ions against that through the Cl ions. The crystals 
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being cubic, the freiineiicy (jf lallice oscillation is llic same lor all tliu three degrees 
of freecloiri and for the tetrahedral ammonium ion, tlic aiigidar oscillation caji also 
take place about all the three axes witli the same frequency. I'he heat capacities 
are expected in this case to be given by the relation C\. - (^^/T) i ((^Ti")y 

vvlierc and aie respectively etiual to iivik and h^'ikt v and being the 

frequencies of lattice and angular oscillations resi>eclively. In tliis case i' may 
be assumed to be equal to iSo cm'’\ because though Mcnzies and Mills have 
observed that the frequency of this line does not alter ap[)recial)ly with the 
lowering of temperature, it is expected to increase by j or cm“^ at very low 

temperatures. 'I'he values of v' i^ not knowm. It can be assumed however that 

at very low teini)eratures ^Kbv — Cr 3RD a'nd if A^'illl the value of 

r' calculated in this way for a particular temperature, the values of L\, calculated 
for other tenii)eratures agree w ith the o])served \'alues, it may be concluded that 
the value of r' so obtained is not far from the aclnal value, Tlie calculated 
values of C„ with the asMimptioii that ^ = '5 and O' — u)o are given in tal)le 

1. It will be vSeen that there is fair agreement l^elweeii these values and tlie 
observed values'* of C/i given in the last coltuun up to la.s' K. 
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Ai higher tempeiatures, liow'evvr, tlie o])Seived \’ahies of C,; are higlier tlian 
the calculated values of C,. This is pi ol’alily due to the fat't tliat has 

a])precial)le values at these teiiq)eraliires. 

It is quite evident from ilie example of Nil, Cl disenssed above that wlien 
the frequency of lattice oscillation is kno^^m, the contribution of tlic correspond- 
ing Debye function is less than the observed value of if tlie angular oscilla- 
tions postulated by Pauling are also present* The heat capacities of a few other 
crystals with whicli new Raman lines have been obseiwed in the low^ frequency 
region can be examined now' from the point of view^ mentioned above. 

CARBON mo XI T) Jv 

It has been observed recently by the i»resent authors^" that a uew Raman 
line with equal to 58 enr' api>ears in the Raman spectrum of solid carbon 
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dioxide at aliout — So' C. It was alsf) i)ointcd out that as tlie Raman lines due to 
lattice oscillation iiivulvin;^ translational motions of the molecules arc forbidden 
ill this case according; to sclectifm rules, tlic new line is not due to a lattice 
oscillation but may be due to an iiitennolccular oscillation in groups of molecules, 
there Ixring weak eleclroiiic binding between different molecules in each group. 
As in this case the heat capacities at low tcm])eratures arc kiiowm, it can be 
easily ascertained whclJier the values of C;, at low^ temperatures are given by 
a Debye function corresi)oiiding to the observed frequency mentioned aliove. 
vSince it has been observed in tlie case of a few organic crystals that the values of 
Av of tlie new Raman lines in the low frc(|uency region increase hy 5 to to% 
on cooling the crystal from room temperature up to about — iSo^Cb it miay be 
assumed that tlie value of Av of the new line of solid carbon dioxide increases to 
about enr' at low temperatures. Then — Also 0 has Ih^^ same 

value fot all the three degrees of freedom, because llie crystal belongs to thd^ cubic 
system. The calculated values of 3RD(^/'n for the three degrees of freedom arc 
given in ('ohiinn 2 of table 11. It can be seen that these values arc much larger than 
the observed values^ ^ of C;. given in the last column. Hence llic iicwv Raman line 
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cannot be due to a lattice oscillation either translational or flexural, the latter 
involving translational as well as angular oscillation of the molecules about 
equilibrium orientation as ])ostulated by Venkatesw'aran. Again, if the new line 
were due to the angulai oscillations of the individual molecules about equilibrium 
orientation, its contribution to C i, would be 2 R K (^/T), because there are two 
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degrees of freecloiii for rotation about tuoaxcs iteri>endiculai totbe axis o[ the mole- 
cule. The values of ’ R li {O-T} arc given in column 3 of table 11. 11 can be seen 
that the contributions of another Debye funclion with three deg ices of freedom, 
which are to be added to the above values of e R li {OiT) in order to gel tlie values 
ofCr, become very small, and this is absurd. Hence the new line cannot be due to 
tliu angular oscillalions. There is anollicr reason for enming lo this conclusion. 
It has been pointed out by ranling that the aniplitiule of tlie angular oscillation 
diminishes with lowering of temperature and as the intensity of the correspond- 
ing Raman line depends on the amplitude, the intensity ought to diminish at 
low temperatures, if the line be due to angular oscillations. This remark is true 
also for the flexural oscillation i>ostulatcd by Venkateswaran. Tbongb tlie 
Raman spectrum of vStdid caiboii dioxide has not been studied at temperatures 
lower tlian — So" C, it has iK-eii obseived in the ease of bcii/.ene, diphenyl ether, 
/?-dicliloroI)cn/ene and /j-dibioniobenzeue tliat there is no diminution in Hie 
intensity of the new lines with the lowering of temperature, lleiiee in those 
cases the new lines are not due to angular oscillations of the molecules, and the 
same may be true also in the ease of carbon dioxide. 

Oji tlic other hand, tlie contributions of li (O/T) i' 2 R lv(^'^''/ T) logetlier 

with tliat of 3 R 1)(^^ /T) witli •j5o'^ and 0 " ecjual to 200*" agree fairly well 
with the observed values of Cy, at the low temperatures. It is diiricult to 
interpret this result 1.nit it may mean that as the new line contributes only 

E (^/T) toC„, it may be due to an ordinary oscillation with one degree of 

o 

freedom resembling an intramolecular oscillation in a diatomic molecule, because 
in that case each carbon dioxide molecule as a whole would |)lay the j)ait of an atom 

and the contribution to C„ per mole, would be K (^^/T) for the particular oscilla- 

tioii. It is also inciicatcd Ijy the above results lliat the fre(iueiiry of lattice oscilla- 
tion in the case of solid carbon dioxide is nuicb larger tliaii 5S cm' ' . If can be 
seen from table 11 that the calculated values of C„ arc sligbUy less than the 
observed values of C,. at higher lenii)eraturcs. This is probably due to the fact 
that C;,-C,. may have appreciable values at these teni])eralHres, because 

may be roughly equal to o-oeiq. . C?„ T, being the melting point, 

t a 


S V L V U TT R 

Sulphur is known to exist as molecules even in solutions and the Raman 
lines 150, 216, 434 and 470 cm are observed,'^ The orthorbomfhc crystals 
of sulphur, however, give a few more Raman lines besides the above lines. I'he 
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lines observed by Veiikateswaran^" arc 85,10;;;, 15.1, 183, 218, 245, .13a and 472 
cm Of lliese llie line 103 enr*^ eras not ()l)SL‘rved by Krisliiiaiinirti, but since 
this freciiieiicy well as aiiothei less than 77 cin“' arc observed in tlic infra-red, 
their conlribnlions are also U) be taken into consideration while calculating tlie 
heat cai)acilies of sidpliur. The line 85 cin’“ ’ was supposed to be due to the 
vibration of S,.- molecnle hy Krishnaiijurti and tills view was also held ))y the 
present authors' ’ wlio ol)Sc‘rved that this line remains in tlie same position 
even at the tenii>erri1ure of liquid oxygen. Venkaleswaran has iioinlcd out on 
the other hamb tlial this line is due t(» a lattice osi. illation. The correctness 
of this latter li\ iiothesis can be tested liy examining the observed lieat capacities 
of suli>hiir at low tenii)eratuies. If for simplicity we assume tliat tlje lattice 
oscillation has the same fie(]nen(y 8j (an“’‘ for ail the three degrees of yreeduni, 
the heat capacities ought to indicale the piesenee of the eontribiitlon of a Debye 
iiinetioii, 3 k D d') w ith thiee degiees oi freedom and with equal to 120'’. 
'rile ('aleulated values of 3 U I) (^k/T) are given in eohnnn 2 of table III and the 
observed values of per grain-atom ^ per degi'ee are given in eoUimn 3. 
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It can be easily seen 
curve at all. Hence 

that the o1).scrved values of C,, 
tl)e line 84 enr ' caiinol be 

dt> not follow a Debye 
due to lattice oscillation, 


because the calculated value of 3 Iv D (^^/Tj with 0 equal to 120^ coincides with C;> 
oKserved at io"K, but the calculated values are many limes larger than the observed 
values at higher temjieralures. Next, let utf deal with Ss molecules and compare 
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the calculated values with observed values of Qp for the vS^ inoleeulc. Tlie 
observed values aie given in column 4. The contiibnlion to C\, of any hjiistein 
function with 0 greater than very siiiull at to'’ K , and theierore the 

value of observed at tins teniperatiire delcnniiies Die l)el)ye function which 
is actually responsible for almost the whole of C/.. ll can Ik* seen from column 5 
that a Debye function with three degrees «)f freedom and w ith 0 e<iuril to .17" is 
responsible for tile values of C;, for v^H at the low temtieratui es The conliibu- 

tion of any intramolecular oscillation of frequency v,, to is KlC(f'^«/T) 
where the Fanstein function has one degree of freedcan. The vjilues of 
/T) arc given in column 6. .Only six frequencies have been considered 
so that Oi^ 0,2, 6^,;. 0 ^, 0 ^ and 0 ^. are resi>eclively equal to loo 
2()5”, and 303' 'I'he values of \ /T) are given in 

column 7. It can be seen from colinnn 8 that the balances CT^““{3RD 

/T) 1 follow an luiisteiii curve. ITc'iicc these are conli ihutinns oi some 
other hanstein functions correst»oiKling to some intramolecular oscillations which 
have not been recorded eitlier in the infra-red 01 in the Raman si>ectra. 

'I'lius it is evident that the liiu* 8.) cnF’ behaves as an iutiamolecular 
oscillation. Actually, however, it is not dtie to an oscillation in a vS^ molecule, 
because the line is absent in the case of solutions containing Ss molecules, 'riic 
above difficulty may be overcome by aSvSiuuiug that pairs of molecules are 
l)reseut in the crystals so that two molecules m each ])air are hound to each other 
only by a w'eak electronic binding and that the lino S.t cju”^ is due to Die oscilla- 
tion of the two vS,s molecules against each other. In order to calculate the value 
of C;,, however, it is enough to consider the Sh molecule, and to take into consi- 
deration ouly half the contribution of the corresi)onding 0 ^. If that would he 
done, the balances in the last column would be larger, but would still follow an 
Fjnstein curve. If the frequency of the lattice oscillations were know n more 
definitely, it could be decided wlielher iJie niolecnJes is S.s or vS,^. in the 
solid state, but the above diseussioiis lead to Die definite conclusion that 
the observed heat capacities of suli>hur at low^ temi>eratiires cannot he explaiTied by 
assuming the line 8.| cm“^ to be due to a lattice oscillation. 

V, H N Z K N Jv 

In the case of solid benzene just below* the melting point, two new^ Raman 
lines at 63 cm’ ' and 108 cm’ ^ were observed by Hross and Viiks and at the 
temperature of liquid oxygen three lines at oj cm , cjS cm and 12^1 cm w*eie 
observed by one of the i)reseiil authors.* ^ The Hues are observed to be sharp at 
the lower temperature and their intensities do not diminish at the lower tcjnpera- 
turc. The crystals ut benzene belong to the spac'e groLgi with hmi molecules 
per unit cell,* the molecule itself being ceiitrosymmetrical. If the centres of Die 
four molecules be at 000, i I o, i o i and u i I, each of these points also becomes 

9 
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centre of symmetry of the distribution of matter around it. Hence according to 
selection rules mentioned in previous sections the Raman lines due to vibration 
of the lattice through one set of molecules against that through any other set are 
forbidden in this case. It can be therefore assumed that these new lines are not 
due to lattice osciilatioii in this case. Also^ since the intensity of the lines does not 
diminish even at “iSo'^'C tliese lines cannot be due either to angular oscillation 
postulated by Pauling or to the flexural oscillation suggested by Venkateswaran 
and referred to in the previous sections. If the lines were due to lattice oscilla* 

lion, their contribution toC,, would be RSD(^„/T) where 0^ — 116.1”, 0^ = 

and These values arc given in column 2 of table IV. It 

can l)e seen by comi)aring these values with the observed valiies^'^^^ of \^p, that 
the calculated values are much less than the observed values. If the coiirespond- 
ing hUnstein functions are calculated, the values of C, given in column 3 are 
obtained. These values together with the contriln tion of a Debye function with 
equal to 12 5 and with three degrees of freedom agree with the observed 
values of C;) up to about 70" K and at higher lemi)eratures the observed values 
become larger than the calculated values. Since at tenij^eraiure higher than 
the values of Cp exceed 12 cal. /mole/deg rce, it is evident that besides the 
above liiiistcin and Debye functions other Phnstein functions are also contri- 
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billing to C„ at these temperatures Recently, Dord, Ahl berg and Andrews®^ 
hav^ discussed the heat capacities of benzene at low temperatures but they 
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have Tiot taken into consideration the frequencies of tlie new Raniaii lines 
observed in Ihc low frequency rcj^ioii. On the other haiuh they have, 
assumed that the heat ca])acities at low tenq^eraturos are given by 
6RD(<9/T) with 0 equal to iso'\ where :^iW{0jT) is for the contribution of 
translational oscillations of the lattice and the remaining half for that of the 
ocillation involving a definite phase relation among the angular oscillations 
of different molecules. They have thus assumed that practically there are two 
Debye functions instead of one, effective at low temperatures. It has already 
been concluded from the considerations of the observed intensity of the new 
Raman lines that the new lines ina}?' not be due to any of the two lattice 
oscillations mentioned above. Therefore the Kinstcin functions corresi^(mding 
to these lines are to l)e taken into consideration. Table IV shows that there 
is agreement between observed and calculated heat capacities between 4 '’ K 
and 70 '’ K taking those Ivinstein functions and one Debye function with — 
121*". S- Now it can be seen from table V that at higher temperatures also, 
there is agreement between observed and calculated values of if the values 
of Cp — C„ and the contributions of internal frequencies of the 

benzene iiiolecule are taken into consideration. Contribution of the latter 
Kiustein functions as well as the values of — C|, have been calculated by the 
authors iii'iitioned above and these have been used here. The calculated and 
observed values are given in table V. Results only uj) to 130 '" K have 
l)eeii given because it is evident that if there be agreement between the 
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observed and calculated values up to this temperature, at higher temperatures also 
there will be agreement. 
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Thus it is evident tlial the heat capacities of l)enzene at low temperatures can 
he explained without assuininj^ the new lines to Ir- due to lattice oscillations, and 
in view of the fad that selection rules do not allow the lattice oscillations to 
appear in the Raman effect, it seems that the calculated value of C„ given in 
column 5 of talde IV, are more reliable than those obtained with the assiunptiou 
that the new lines are due to lattice oscillations. 

Since \^'ith /i-dichlor(»beuzenc, iiaidithalaue and /^dibromobcir/enc, new 
lines with very small values of Ar are o1)Served, the values of C;; at low temper- 
atures ought {() be very liigli if tlicse lines be due to lattice oscillations. Ihit data 
for suiriciently low tem])eratureS are not available and therefore the calculation of 
Cr has not l)ecn i)ossiblc in these cases. 
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HARD COSMIC RAY SHOWERS * 

By W. BOTHE 

Heidelberg 
Plate IIJ. 

In llie year 1931 Hekleckc observed an increase of number of coincidence of 
cosmic rays v\'l]en he put I’b slicels between llie counters which were not placed 
in the same vertical line. He ex])lained these results to be due to scattering of 
the primary cosmic rays- 

Eater on Rossi took u]» this expeiiment and showed that new secondary 
cosmic rays in the form of showers are produced by the inter-action of matter 
with primary cosmic rays. lie found also that the maximum number of 
secondary cosmic rays arc produced by I'so cm. thickness of Pb and then a 
gradual absorption follows u]) to about ic) cm. thickness. The existence of these 
secondary particles was beautifully shown by Blackett and others in the Wilson 
chamber i)hotographs. Anderson by the analysis of these shower photographs 
discovered the positron — a positively charged particle of electronic mass. 

Ackemaiin, Hummel and others observed that by increasing the thickness 
of Pb, again .secondary particles are produced which reaches its maximum at 
about 17 cm. thickness of Pb. Drigo found that these secondary particles are 
entirely absorbed by i cm. thickness of Pb— a result which seems at first quite 
suriirisiug'. The .shower producing rays having range of 17 cm. thickne.ss of Pb 
jiroduccs secondary rays which have only i cm. range. 

The showers of first kind arc groups of positive and negative electrons 
which approximately proceed from the same point and cover a tolerably large 
range of angles, on the average 20" about the axis. Their penetrating ])Owcr is 
rather low, about 2 cm. of Pb absorbing the shower particles nearly completely. 
Whiit I intend to report today concerns the showers of second kind which differ 
from the usual showers not only in the above-mentioned characteristics, but also 
in the way in which they originate. 

You see here (fig. i) an experimental arrangement, which does not appear to 
be very different from those which Rossi and many others after him have 
utilized for the invc.stigatiou of shower: four Geiger tubes are in coincidence 
arrangement, the two upper ones being connected in parallel, above that 
is the show'cr producing layer in variable thickness ; betwen the upiier and 

* Lectme delivered at Ifie qiinnal imwtnig of the Indian Pliy.sie;il Society held .it Cideutta., 

in January, 1938. 
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V K'.UKK 1. 

lower ])airs of counters an al)sorl»er of different lliickness may l>e inserted. 
By alteririi; the thickness of the sho\ver-i)roducin|^ layefr, one can obtain 
tile Rossi-curves. This has a very pronounced maxinmin at 17 cins. of 
lead. By alteriiif.^, the tliickiicss of the absorber, one obtains the al^sorptioii 
curve of the particles. All the curves which ijavc been obtained so far, show- 
that the usual sort of sliower particles are absorbed, for the most part, by 
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2 cnis. of lead. Accidentally, with lair arraiiueineiil, we made a different 
observation: when wc inserted 2 ciiis. of lead between the eoiinteis, wc obtained 
still more than half of tlie coincidences, which oceuned without the al)soiber* 
This signifies that a seeondaiy corpuscular radiation comes from the matter 
above the counters, wliicli is essentially more i)enetrating than the known 
shower particles. Wc also took their Rossi-curve, by altering the thickness of 
the shower-producing layer. 

You see, that U]:) to a thickness of about two hundred grams i)er cm“ 
the curve rises, whereas for lead, for a thickness exceeding 18 gni/cnr* the 
curve goes down. This also means that the saturation tihekness of our secondary 
paiticles is greater than that of the useful vShowers. What could be the cause 
of it? ( )ur arrangement differs from t e usual in two points: firstly, the showei' 
l)roducing substance ^ consisted of light atoms (carbon, wood) ; secontlly, 
the angular distance of the counters, as seen from the layer, was particularly 
small, tliereforc coincidences could only be produced by tw'o i>articles, which 
sul)tend only a small angle at each other. It was to be tested, as to which of 
these two essential. We tested first the second point, the dependence 

of the penetrating i)0'vver of the secondary paiticles on the angle of divergence. 
For tliis purijose, either the connters had to l)e brought into gieater or smaller 
distance from each other in hori/.oiital diiectioii, or the whole counter arrange- 
ment had to be brought into greater or smaller distance from the shower- 
l^roduciiig layer. 
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Ft(;urk 3. 

In the next diagram (fig. 3] the ab.scissa are the angles of divergence, the ordi- 
nates are the fre(iuencieb of coincidences, relative to the frequency witliout the 
absorber. The* two curves hold for au absorber, of 0-5 and i cm- of lead each. 
You sec, the answer to our question is clear. At large angles you find the w'ell- 
kiiown penetrating power of the usual shower particles: 1 cm. of lead absorbes 
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more than lialf. On the other hand, at small angles the particles are much 
more penetrating, and at 4*^ one cm- of lead absorbs only a small part of the 
shower particles. We conclude there from, that the hard showers occur only at 
angles smaller than lo" . 

Yon may ask why these showers have never been observed I )efnre? It is 
very remarkable, but it appears that up to this time no one has made observ-atioii 
at so small angles. At the same time, a phenomenon is already knowm from 
which it can be inferred that possildy it is connected with our hard vshowers, 
that is, the so-called second maximum of the Rossi-curve. If the Rossi-curve be 
continued till to much larger thickness of the shower-producing layer, then it 
again begins to rise, and it attains a second inaximiiin at about 17 cms. of lead. 
This laige saturation lliickness signifies again a hard secondary ra\liation. It is 
true, the existence of this second maximum has been called into, question by 
certain authors. But in every case it could be supposed that here we liav^c also 
a reaction of the liard showers. Tliis question could be very simply tested: 
oi:c has to measure the Rossi-curves for different angles of divergence. Tlie 
result of such nieasurcmeiits is shown in the next figure (fig. 4 ). 



1 believe that here the result is also very clear. At an angle of divergence 
amounting to 28", the second maximiun can scarcely be recognised; at 7"^, the 
second inaxinium appears quite distinctly, and at 4*", it is almost as high as the 
j&rst inaxiinuin. Now we have seen that in fact the hard showers occur only at ' 
angles smaller than 10'’, therefore no doubt can remain that the second inaximuin 
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is produced by llie same hard showers as we liave ol^served. At tlie same time, 
it becomes clear wdiy the observations made so far were so contradictoi y. It 
lias not been gTasi)cd tliat the aipele is of such impor lance. 

Actually, this (|uest ion is somew hat more comi)licaled, as I intend to say 
in brief. We have seen that at an,eles i^reater than jo"’, the second maxi- 
mum is very insignificant, but it still exists, the intensity has not diminislied 
lo zero. A further dilhculty appeared, as \\c measured more accuialely the 
absorption curves of tlie shower particles under dillerent conditions. If we 
oliserve in the second maximum, and the aii.nle of diveruence is lai>;e, we i^et 
no hard show ers, but the usual soft slunvers At lirst, il seciiis uninlellijL'ible 
that a secondary radiation reaches its sat Illation in as much as 17 ems of lead, 
wdiile it is almost coniiiletely absorbed in cms. of lead. I shall now^ show 
hoW' these two observations can be reconciled. I'he particles which are 
observed in this case are of tertiary origin. 



FicuiRK 5- 

The haul show^ers themselves are able to prodin e soft showers, and this 
process comes forth already in the shower-producing layer itself. These 
tertiary showers have aiiparently all the characteristics of the usual .soft 
show'crs, in particular, they have large angles of divergence. Therefore at 
large angles, the hard show ers cannot directly produce coincidences, but can 
do so by the circuitous w^ay of the tertiary soft showers 

It is now^ very interesting that all these deductions find a strong support 
in some Wilson photographs, which Auger and JUirenfest have published, 
after we have made our first communication about the hard showers. In 
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the next fiKUre (plate III) you see a shower t)f small aii^ailar divergence. We are 
now convinced that this is the new hind of shower. This shower is surroundetl 
l)y a usual show er of large divergence. According to our conceptions, the soft 
shower is jiroduced Ijy tlie hard one, in the interior of the layer. 

Another photograph (fig. 6 r) olHained by Auger and Khrenfest shows a 
compound shov^er coming from above, the hard showier releases out of a layer of 
lead a tertiary shower ; that is exactly the process which we have assumed. 

N(jw T wish to make a few short remarks about the generation of the 
liaid showers. The ciueslion arises, how does the intensity of the hard 
showers de]>end on the nature of the shower-producing substance. 



Ill the next diagram (fig. 7) you see the Rossi-curves for lead and iron, 
taken under identical conditions. The first maximum is clearly lower for iron 
than for lead. This is not new, but has been verified by different observers. It 
has been established that for a small thickness, the intensity is approximately 
])rop()ilional to per atom. This result obviously holds for the soft 
showers which jiroduce the first maximum. But the matter is quite other- 
wise for the second maximum which is produced by the hard showers. Here 
the inteiLsity is at least as great for iron as for lead, the intensity therefore 
appears to l>e a])proximalely proportional to Z per atom. Tliis may be an 
important criterion for distinguishing between the tw’o kinds of showers. 

Finally, we may ask about the primary radiation w^hich produces i:he 
hard shuweis. 
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Ill the next diaiLuani (hy,. S) you see the Uossi-curve for lead, obtained under 
the same conditions, lint firstly nndei the roof of tlie Institute, tlieii under tlie 
basement, 'fhe interveniny ceiliuys liad about ^70 ym/ciif-*, lhe\ uorked as 
filler for the shower-j nodueiny inimary radiation. \'ou see that by filteriny 
the luimary radiation, tlie first maximum is stroiiyly reduced ; the second 
maximum, on the other hand, shous little dillereiice. 'I'his shows that the 
soft showers aie laoduced by the so-called soft component of the juimary 
radiation, as has been known for a lony time ; the hard showeis on the other 
hand are [iroduced by the hard com])onent of the primary rays. This is 
ayain an important criterion for distinguisliiny between the two kinds of showers. 

Here 1 must not foryct to mention that some time ayo Rossi has alieady 
made similar experiments ; they were not so complete, that any definite 
conclusions could be drawn from them, but Rossi liad already suspected that 
the shower phenomena are of a complex nature 

I am afraid that I have busied myself too lony wdtJi description of the 
exiierimcnts, earned out in the main part liy K. Schmeiser. Jhit to my 
great sorrow , I can give no theory of these phenomena. Perhajjs, in this case, 
the new' particles assumed by Anderson, and vStrect and Johnson jilay a yiart 

In final, 1 may say, that after all what Wu know* of the sliower plieno- 
Tiiena, we must distiiignisli heiween at least three kinds of showers : firstly, 
the soft show^ers, wdiich, according to Bhahha and Heiller, arise tlirougli the 
mutual conversion of electrons into j)hotons and virc-vosa ; secondly, the 
hard show er, about the nature of w hich we know very little, and thirdly, the 
Heisenberg show'ers or, explosion showers, which can be conceived as arising 
out of evaporating nuclei, and which appear to be i cabled in tlie stars ob- 
tained on photographic plates exposed to cosmic rays, as was demonstrated 
to you Ijy Prof. Taylor, and whicli have also been ol)served by Blau and 
Wanibachcr in Vienna. 
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A STUDY OF SULPHUR ALLOTROPES BY ^PHE X-RAY 
DIFFRACTION METHOD * 

PART I 

By S. R. das 

(Calcutta University) 

{KCi-civi'd fo} luihlicalhii, AfiilS^ 

IMates IV and V. 

ABSTRACT. The slnuTmvs ol 11 k‘ varidiis niodiTKiilioiis ol siilj)lmr id teniperalim’S 
raiudiitT belweni - iSyC and have h(i‘ii in\a\stigaUd In JIiiH’s dillrriiTun) nulliod. The 

fnllowiiig iinportaiil ohservatiiais and eonelusions liave been madi. 

1. Ordinan loll sulphur and llnwei of sulpliur hci\'e ideiitieal ervstfdliiu- stnietures 
.similar to that of the oiThorJionibie sulphur (S J. 

IMilk oi sul])ljur and Hie gummy deposits of eolloidal sul])hiii whieh arc insoluble in t'S*} 
and regarded as aiuoi pilous, :ire ually ervslalline. Their palliTiis eleaily indicate that tliey 
are identical in sHui'liire nith vS„, 

3. Idaslu' sulphur \\hen freshly preiiared bv pouring boiling sulphin in cold watei, is 
really ainorjihoiis, producing (uily »uie dilluse band (d'-j'.sV* H rapidly transforms into a 
hard solid mass insoluble in CS^, whieh has a striietun* similar to that ol vS„. Wlien ke[)l 
at a Jiigh tem|jeralnre (about f)o" C), or treated with strong NlljOfl the substance 
becomes soluble in t\S,j 

VVhiU sulphur obtaiiu d by tin liydrolvsis of vS2Cb, liitbcito Mii»[)ost‘d to be aiiKjr- 
pilous, has exhiliited a w ell-dofined civstallnic pattern, ijiiite difh rent from that of S.,. It 
is insfdiihle in CS;- Whai heated for some t ime at about NS'C, it tiaiishuins entirely and 
permanently into is,, 

5. Tlie insolubility ol the various forms (jfsulj)hur lia.s heeii suggested to he, some 
way, due to the pieseiiei* of L on the surface of the ( ry slalliles. 

0. 'file special features eharaetei ising the pcitlerns obtaiut d at temperatures lying bet- 
W’eenSuX' and jiu"Care ;(a) the diseontinuily of the rings, (/>) the appi araiiee (T aslerisnr 
i. e., rarjial streaks, and (c) the ajipearanee of a largt* niimher of sharp intense splits arranged 
irregulaib' on the plate. It has heen sliowii that the changes notice d in iJie p.atteni are due 
to tJie growth of the e rystal si/ce in the hented exposed .spei iniens rif powdered sulphur (S.J, 
andliave nothing to do with the enaiiliolrojiie Iraiisformal ion of S,. into which is 
generally kiiowti to take place at 1^5" ,s C above. 

7. All attempts in recordijig a pattern eif S,, failed piohahly due to (a) the inslaljility of 
at the ordinary room li-iiipn rature and (/>) the growtli of iTv-ital-si/e and the disfiguration 
of tlie patterns at Jiigher ti-mperatures where is stable. 

* Coinmimiealed by tlie Indian Hliysic al Society. 
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S, rattcriis of liquid sitliiluir have been obtained at iiq’C and and in each 

cose two bands have been obtained. 

ij. Nfj appreciable change in the pattern has been observ'cd at as low a temperature 
as 


I N T R <) I) U C T I () N 

All extensive Pliysico-Clieiiiical study ai snlpluir led to the discovery of a 
large nuinljer of its allolro]>eS, both crystalline and ainorplious. Though the 
imiltifaiious complexities of the element have been engaging the time ^ and atten- 
tion of a large number of investigators who in gradual steps, havd explicated 
some of the multifold peculiarities of sulphur, still there are niany\ interesting 
but ()bscure points awailing plausible cxiilanations and demanding a\ systematic 
investigation on the subject, ^i'he represeiilatioii made here describes the results 
obtained by the piesenl author during the course of a systematic study of the 
various modilications of suljdiur, under dilTerent physical conditions l)y the X-ray 
method. 

A brief outline of our present knowledge of sulphur and its allotropes con- 
cerning the subject-matter of the present investigation is stated lielow. 

J. S IT h r H HR AND T 'I' S A L b O 'I' R O P li S 

(a) Orthorhombic sulphur^ (S.,) 

Ordinal y roll suit )hur and almost the whole of the flowei of v^ulp)hur belong 
to this class. Sul] diur crystallised from a cold solution in CS:> also forms a 
orlhoihoinbic system. 'I'liis variety lias been analysed by the X-ray method 
by lhagg,‘'^ Mark and Wigner,‘^ and Waireu and llurwell.^ The final result 
obtained from these analyses indicates a siiacc group V*/,. The si/.e of the 
unit cell is found to be, a “ 10-48, b — 12-9:1 and r = 24-55 in Angstrom imils. 
ICach cell contains sixteen vS.s molecules or 128 atoms. This variety of 
crystalline sulphur is stalile at the ordinary tem])erature. 

(b) Moriorlinic sulphur 

Several varieties of nioiioclinic suljdnir have been observed and described by 
the crvslallograpfiers but amongst them, the needle shaped crystal obtained from 
molten suli)hur is the most common type. It is very unstable below 05- 5 C 
and is reported to be stable above this temperature, Sa and S,g are known as 
enantiotropic, the accepted value of the transition temperature corresponding to 
Stt^==^vS3 is 95^*5 C. t )rtliorhoml)ic .suliihur is stable below and unstable above 
this temperature. No X-ray analysis of Sq has yet been attempted. 
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((') The amorphous allohopcs oj sulphu} 

Tlicse ainorphons allotropes of sulplnir are oblaiiicd only by very speeial 
means. The well known varieties are : (/) i^lilk of snlplnu/' (//) Colhmlal snlpluii,' 
(///) While sulphur/ and (re) Plastic sulphur.'' J. J. Trillat and J. Ihaestiei 
have analysed this sul)slaiice aftci slretchin.e its thread fioin S to lo times ils 
ori.Liinal length. 'i'hey have concluded that the sul)slance is crystalline and 
the axial lengths are difTercnt from those of S«, Plastic sulpiiiir under oulinaiy 
conditions is known as amor])hous, but it (juickly solidifies into a haul mass 
consisting of and Su. vS„ is soluble in CvS. and crystalline, while is 
insoluble in CS. and anior]fhous.‘' 

(d) Liquid suiphur 

The accepted values of the melting jioints* of ptiie Sa and of pure Su 
aie 113 -o C and i U) C respectively.^* Put lieie also the opinions of the 
differeiit authors vary w idely. 'khe licpiid sulphur is supposed t(^ contain two 
types oj sulphur (soluble in (insoluble in CS^) and the projxir- 

tion of the latter increases with the temperature. If a quantity of mollen 
suljdnir is allowed to solidify, the proportion of soluble and insoluble sulplnir 
in the solid deiiends on the relative amounts of and vS/u i»resent in the liquid 
at the time of solidification.*' The jdastic sulphur which is prepared by pouring 
boiling sulphur into cold water is also sometimes called a super-cooled ly])e 
of 

Plalchford *'■ has studied liquid sulphur at temperatures ranging from i3o‘"(.' 
to 210° C by the X ray dilTraction method. hh'om the experimental results 
he concludes that the sulphur molecules have a more or less regular grouping 
amongvSt them and further the spacing corresponding lo the diffiaction ring 
does not conform to the 4‘lose packing theory. At about iSo*"’ C he has 
observed a .sudden change in the value of the sj'acing which is con elated with 
the well kiiovMi change of viscosity of the fluid at a neighl)ouring tem- 
perature. 

2. K X P K R I M K N r A b 

The powder photograph method is chiefly adopted in the present inVesti^ 
gation. The slit system (fig, i) is of si>ecial design. It l)ehaves both as a 
slit and also as a supporter of the specimen under examination. It consists 
of a thick- walled brass tube A, 3 " in outer and in inner diameter, and 8 c.m. 
in length. The tube is closed at the ends by means of two brass plugs 11 and 
C. The plug B on the tube-side of the slit has a bore of i m.m. co-axial with 
the main lube A, while C lying on the plate-side has a bore of 0*4 ni.m. In 

* The values of the ni. pts of sulplnir as renn (led hy thffc rent authors widely v:ny. hot 
rhoinbk: sulphur it varies between C (Parlingtcui, A Text Jkjnk of Inorgatiic ClKinislry, 

-*9381 p. 488), and iig’“35 C (Mellor, Mudern luurgauic Chemistiy, 1919, p. 40t>)* 
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<)ulcr to protect the plate from the* lays sc allcicil I»\‘ tlie slit, a shiclcl-luljc 1) 
is screwed on to A a^^aiiist C at the plate-end of the slit. 



iMr.T’KK I. 

The* cell containiiie the difii actiii.e material of pr(jj)er thichne\ss w as placed 
in direct contact with the face <ji the shield 1) at 1' I ly means of a washer and 
a couple of screws. The shield I), along with the cell is easily demonnlal)le 
and S4‘rves another important imrj)obe, i.c., dining the ex^josiirc bn tlie same 
plate, the cell can easily he le-lilled h> the diffracting material at 'any desired 
interval of lime. This device is of great assistance when one has to examine 
hy X-ray dilTracti(»n, some volatile suhstance, or an unstable substance which 
is liable to change its nuKlification under the experimental conditions specially 
when the rate of transformation is very rapid. It is convenient in such cases 
to have Uvo exactly similar detatcliable shields, so that one of them may be 
kept ready in hands with the lelilled cell immediately before the first cell is 
reciuiied to be withdrawn. The second cell is then put before the slit system, 
thus saving considerable amount of time. 

For investigating the material kei>t at a high teJii]jeralure during the 
exposure, an electric healer was employed, where any ])arlieiilar tem])erature 
measured by a therrnoeoiiple, could easily lie maintained walhiii 2^' C, by sliding 
resistances. A cylindrical Cyndanio l)obl)in coiled with nichromc wire formed 
the simple heater, and the axial bore of the bobbin exactly fitted the slit tube. 

The experiments with sulphur at lowei temperatures were eonducted 
with carbon dioxide snow, li(]uid oxygen, ele., and a special vaeiium chamber 
was constructed for this pur]K;)se ; Init the i)resent paper records only results of 
preliminary cx])erimeiits, so far as the low’ temperature works are concerned and 
a full description of the ap])a]atus is deferred at the jn'eseiit moment. The 
various forms of sulphur used in the present investigation were prepared by 
the author in this lal)oratorv. Tlie chemicals used for the purpose were citlier 
the i^rei)arations of F. Alerck or of Scheriiig Kalilbaum. 

3 . RKSULTvS 

• A. Orilio'dioiuhic sulphur [Fi^, 4 ) 

Fine powders of roll sini)hur, flow ei of sulphur and sulphur recrystalliscd 

^ The distanre I )et ween the cell and the photographic plate is different for different 
photographs. I'or figures .1, 3 and the distance R is .v.^52 c. in, for figures 5, 6, 7, m, 13 and 
1 1, R is 1*05 r. Tin for figures S, g and 12, R i.s 2*2^18 e. iin ; for figure ii, R is 2*370 c. m. Tn 
the llnal l)rint, the figures are reduecd to three-fourth of the original sixe. 
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from ii solution ill L'So were oxaminotl. These foi ms of siilplun are known to 
beloiij; to the rhoiiibie tyjK* of crystals, 'riu- difii action patterns oljtaiiud in 
lliesc cases also sup] )oii this vie\N . For, the vahies of the lb a:j,;.;-spaein!:s ami 
the intensities of the corresponding' rin.e.s in tlu- [Kittei ns (d* the difleient members 
closely ariree with one another. 

Ik Milk i>J suIpJnti {hiii. /./) 

'khis is one of the well know ii vai ieties siipjjosed lobe amoi])lions, To a 
freshly pre])ared solution of calcium i>olvsnli)hidc , dilute acid ( i acid ] water) 
was .L^ratluaily added, wdieii a milky while in“eci])itatc will) slip,lit]> yellow i^li 
tin^e w as obtained. 'i\vo different samples of this \ aiiety were piepared by 
acidulatiipe w ith (a) dil. HN( n. and ( /d dik IlCk These- vjirietie-s me found 
to exist in a slate of extieiiiely hue division and weie expose*d to Xoav without 
any ai tilK'ial powdering’. The- rin.^ systems of the two sami>les are similai to 
each other and also to that of orthorhombic sulphur v^„. Tlu' shari)ness and the 
coiitimiity of tlierin^s prcjducedby milk of sulphur cleaily indicate that the si/e-s of 
these minute crystals lie between io“’’’ to emn in each direction. Thus we (ind 
that milk of suli)liur is not really amorphous, but is eaystalline and the stnudure 
is exactly similar to that of the orthoihoinliic ^-sulphur. Durini; the preci- 
pitation of milk of suli>hur, the colour of the ])recii)itate a])]>eaied jieriectly 
milk-white immediately after its formation, but very somi turned sli'^hlly 
yellowish. This w'as evidently due to the conidoiiieration of white smalltr 
liarticles into biggei ones which are generally >*ellow. 

C. Colloidal sulphur 

This modiiication of sulphur was jiretiared in tlu* slate of c'olloidal susj)en- 
slon in water, by passing juire FI .jvS through a concentrated solution oi vS( )^, in 
wader at afioiiL 5'’C jo'^C. 'I'he colloidal solution oldained in this wa> was 
filtered tw'ice and preserved. Deposition of gummy solid suli)hur look place 
from this solution spontaneously but the rate was extremely slow. '^Fhe colour 
of a concentrated solution of colloidal sulphur appears yellow' by reflected light, 
but deep reddish brown liy transniiUed light. The yellow^ I'olour gradually 
gets fainter and finally disap>pears with the increase oi dilution; but at a 
certain stage, the reflected colour becomes bluish, while the colour of transmission 
still remains brown. 'I'o a quantity of the colloidal solution, we added a strong 
solution of NFI4OII w'hich eoagiilates the colloidal t)articlcs, and llie de])Osits 

It is a WflPknown fad Hint a siiital.F- elertmlvU- nmy rlqiu.sit partitFss held in ( r.lloidal 
suspeiidrm. Thespmalrc^^sonfor.stdeoiing Nrr4f -II in the prcs.nt rasr w as llial il eotikl Ix 
tlrix en out of the derio.sii h}’^ .simple evaporaliojj. 
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formed by si>ontam.ous sediineiilalioii and by the addition of NH.iOH \Yere 

analysed 1 )y X-rays. 

Tlie diffraction rinj^s obtained in tlio cases of tliu.se two types of colloidal 
deposits of snlf)luir arc exactly similar to those of S„. The riims are cpiitc sharj) 
b.P, ,\re sliublly broTl,.T 111 in the coi-re->i>onding rinj^s of oiihorliombic .sulphur. 
'I'iiis fact naturally su,yiiests that the p.rrticles in colloidal deposits are very small 
so that sufficient number of lattice planes are not available for the production of 
sharj) riiif^s. ' ^ Similar observations have Iicen made by many observers in the 

cases of colloidal particles of rrietahs, which on analysis have exhibited 

I heir crystalline structures. Colloidal particles of sulphur are therefor e not 
amorphous but consist of extremely minute crystals of the orthorhombic 
type (SJ. \ 

We made an 'rtlein])t to obtairr the difli-actiorr patternrs of tie colloidal 
sirlphrrt jiarticles in their state of suspension in water, lint so frir no ring 
system of suhihur was observed. (.)nly a wide band due to water ap])earcd 
in the photoj^raphs/'' 


D- Phislii sull^liut 

J his is the widely known ainor])h()iis allolro])e of snli)hnr.‘^ Wc prejiared 
it l)y poiiiin** hoilniii suljiluir into cold water in thin slreanis. A highly 
sticky deep-brown (alniost black) substance was obtained. A small cjiiantily of 
this substance w’ns laid in a thin la\cr on a piece ot Very thin pajier by means 
of a clean glass rod. The film w^as then ai)plied on the carrier as described in 
lirevious sections. 

Plastic sulidiur is know n to lie highly unstable under oi dinai y laboratory 
Conditions. I'or this reason in the present invesligation iJie specimen (>f 
plastic sulidiur was replaced at an interval of one hour during the exiiosnre. 
vScveral iiiiolographs wei e taken in this way and the pattern olitained in each 
case consisted of a single difluse band eorresponding to the Hragg s])acing 3-5 A. 
In one case we allow’ed the one and tlie same specimen to be exiiosed for alxnit 
'] hrs. and the photograi>h obtained consisted of several faint but sliar]) rings like 
those of vS^. This, therefore shows that plastic sulphur had consideraldy tians- 
formed into S*, wntliiii four hours. Plastic sulphur as it is produced is really 
amorphous and the present \s'ork shows that it is tlie only amorphous form of 
sulphur. J. J. Trillat and J. Forcstier'^^ have analysed a thread of jilastic sulphur 
after extending it, by longitudinal tension, from S to 10 times its original length. 
The photograph revealed a fihre-jjatlerii. From this they have come to the 
conclusion that the suhslance is crystalline. The identity period in the direction 

* Rtcciilh iiiiprnVLcl U i'liniijiie, llic ring sy.sLeni‘>; of sulphur particles suspended in 

water has Ikcii studied. 



P()\N(l('j‘ (liayiains. 

K. - Siil})Jnn‘ ill (' Tor -in 

n. — Stiipljiir ni ]04" (- for Tif) lioins. 

10. Sulpliiir in ('ollo<liori ;if (\ 

11. — ]^i(pii(] siilpijur ;it 117*^ i\ 

12. — Suljjliur licjitf**! at 104'' C ffir 10 hf>nrs. 
1,4. Fr(‘slj plastic .‘^ulplinr. 

14. -Milk of !sul])lmr. 
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of the fibre is found to be eqiu\l to 9.35 X Avhich approximates to the luiiglh of the 
a"axib (10 6 j TV) of J liis ol)sei\atioii admits of two explanations! (i) a\s plastic 
sulphur is extremely unstable it is mostly converted during tlie time of exposure 
(6 hrs.) into the orthorhombic crystallites Avhich. under the force of tension, 
oriented with their a-axis more or less parallel to the a])plied force, 'riiis 
ccitainly can not adetpiately account for the considerable shorteiiinjj (about 1*^5*’,.) 
of the a-axis of fdirous ])lastic sulphur. (2) Another explanation to whiclM\’e 
may direct on I attention, depends upon a possible similarity betw’cen a thu ad 
of plastic sul])hnr and a [liece of rubl)er. The latter lliough amoriihoiis uiuha- 
ordinary conditions, ]>roduceS a fibre jiattern, wdieii extended by tension and the 
sharpness of the patlern increases wdth the degree of extension. ' This 
behaviour of rubber is satisfacton'ly explained by the supliosition of the prefened 
orientation of the highly polymerised isopreiie (C.dlJ molecules prescut in it. 
In the case of plastic sulphur \\e may uell assume that the molecules or any 
higher com])lex lU'eSeiit in it may behave exactly in the same way as the molecules 
of rubber. But a clear unambiguous explanation rerjiiiics further investigations. 


K. JJciulcncd plaslic sulphur 6). 

It has been mentioned that jdaslic sulphur solidifies into a very hard and 
brittle grey mass wdieii kef)t for a few hours at ordinary teini)eratnres.‘* We liave 
oijserved that the transformation into the solid stale is accelaraled by the elevation 
of temperature (7()'’C— I oo'^C), fail the solid in the latter case does not become 
so liard. It liecomes, rather friable and falls to powder even by the ])ressure nl 
the fingers. Tliere is another dilTcrence in the two types of solidified plastic 
sulphur, the hard variety (formed at the room temperature) is almost entirely 
insoluble w^hereas the second variety (formed at C “ lot/’ C or above) is 
c'omidetely soluble in Both the soluble and tlie insoluble siiecimeiis T>Todu( e 

exactly similar patterns, the inner rings of the insoluble s])ec:imen are slightly 
diffuse (Fig. 6). 

The coarsely pow’dcred insoluble variety as well as the thin film of hardened 
plastic sulphur produced identical i>altenis, resembling those of tlie thoroughly 
powdered si)ccimen. This also shows that the cryslal grains in the insoluble 
specimens are extremely small. lUit tlie sjjecimen soluble' in CS;. behaved in a 
quite difl’erent maimer. 'i‘he diffraction rings in this case ceased to be luiifonn 
wdieii the i)0\vder w as coarse, indicating that heat had caused a grow th of the 
micro-crystals. We have observed a similar phenomenon of grow th at higher 
temperature in the case of ordinary snlfdiur, wdiicli will Ik; descril>ed in a later 
section- 
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V, Uanicnvd [daslic suJpInn rendered sohiblc by NlI.iOH 5) 

A (juaiitity of lliu hard insolu])k‘ mass was thoronglily i)0WLkTL‘d and kc\A in a 
stoppered lujltle eonlaining a strong solutnm of aiimumia. After three days we 
examined the j)owder uliicli was first thoroughly washed and desiccated. It 
became almost completely soluble in and the diffraction paltern ol)tained in 
this case was free from the diffuseness which w'as observed in the case of the 
iinlreated S[)ecimen. The ] )ow^ders recjuired no furtlier powdering for the pio- 
duction (jf conliiiLious rings, indicating that no gr()W tliof the crystal size had 
takcai place. This observation is of much importance* inasmuch as it helps US 
to understand the exact nature of the plastic sulphur. The olvserved diffuseness 
(jf the rings of the insoluble specimen was first as.siimed to be due to the joint 
actions of Ihe probable distorlion of the crystal lattice foi med by sudden cooling 
and to Ihe extreme smallness of their vSizes. 'This idea was further strengthened 
by the fact that the insoluble s])ecimen when heated not only shows clear signs 
of crystal growth l)Ut also gives rise to a system of shaip rings under proper 
conditions. 

'I'his idea had to be modified. For, we can conceive of no mechaiiisni by 
w'liich Nil, Oil can bring about a growth of the crystal size- I'herefore, the 
dihubeiiess of the rings i)roduced by insoluble solidified plastic Sulphur must be 
due to some other factor/^' 


( 1 . Solubilily and insolubilily uj sulphui 

Tal)le H) briefly stimmarizes our knowledge about the j^oiiit. From a study 
of the table we can generalise that wdicnever an insoluble variety of sulphur is 
produced, vS ( ). is always present in the reactions involved This naturally suggests 
that insolubility may be due to the presence of SU- which forming a shielding 
layer on the surface of the small crystal grains prevents tiicm from coming in 
contact with the solvent. I'liis idea is further corroborated by solubility of 
solidified plastic sulphur wdiich has been treated with NH,,OH or has been heated 
to a high temperature. The latter possibly drives out and the former clicinically 
reaets with the vS( ). gas and thus m both the cases the sulphur grains are rendered 
free from the SO. layer and Ihe solubility is restored. 


* Recently the problem ot solubiliyv or iiisolubilil v of the various types of sukliur has 
been ('nrefully studied nnd llie ii'sults will he puhlished later. 
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Tath.k 1. 


TIio s.)hil)ilily or insoUibilily of dirfcTunt lyi)L\s of siilpluir in carbon disulpliick*. 



Tin? viin'ctv of sulpliiir. j 

Slnielurc . 

Nature j Clu uiieal reactions in 

pK'paral ions. 

1 

Roll sulpliLir 

S i 

a { 

.sf)hihU 

2 

1 dower of .sulphur (IMerek) 

S i 

a. 

.soluble 


Milk of .siiliilini 

s 

a 

•soliihle c‘aS\ ^ ■dK;i -CaCh+ \8. 


C^olloidiil sulphur ... 

s 

a. 

ins< iliihk d J‘>*^ S< U — ^ k 

5 

While sulphur 

s 

a) 

nisoluhle S-iCl.? r '.d !■/> - 3S + St >2 ^ 

‘.plCl, 

6 

1 White snlpliur lieuteil to 88“C ... j 

S 

a : 

soliihle 
(pai tl\ 

7 

Ihesli plnslie suliiliiii 

j amorphous 

! ilisnluhk' Iloiliiig S MiddeiilN' 

1 poured in eold water. 

(S hums in aii to vStU.) 

8 

Hardened pl.islie sii1[)hur 

I 

insolidile 

() 

llaul'-Ued pKislie sulphur lu akd (o 
j a high leniijerature, or In ate*! 

1 with a stiniiL; solulioiiof Nllinll, 

1 S 

a 

.soluhk' 

r o 

i 'Moiioclinie sulphui 


.soliihle 


The fuiluwing tabk II shows the HraL',g-sj)acin.e,s of (</) roll suJi>hur, 
(h) flower of siilpluir, (<■) recryslalJised snli>hur, (t/) milk of siilphnr, (c) colloidal 
sulphnr and (/) insoluble hardened plastic suli)hur. The lattice planes producin/^ 
the rings have been idcjjtilied by using Warren and Ikn w ell’s values of the 
dimensions of the unit cell of orthorhoml)ic sulphui. 'I'he JMillerian indices of 
these planes are given in the ninth column. 


Tahuc ]1. 
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H. White sulphur^ 

The study of white sulphur wliich had hitherto been regarded as amorphous 
was very interesting and it led to (luitc unexpected results. 

A quantity of redistilled sulphur monochloride (y^:jClJ prepared by passing 
perfectly dry chlorine over molten sulphur/^ was hydrolysed by the addition of a 
sufficient quantity of distilled water. At first a sticky mass was formed 
whicl) subsequently turned into a hard greyish solid vSnbstance known as white 
sulphur. 

A thoroughly pow deled specimen w-as examined by X-rays. Tlie nature of 
the difl'i action pattern (Fig. 3) showed clearly that white sulphur consisted of 
minute crystals, the perfection of which is in no way inferior to that ^f carefully 
recrystrdJised Sa from a solution in CS.^. In order to form an idea aboht the size 
of the crystals in w’hite suli)liur, a very thin film of white sulphur was prepared. 
During the hydrolysis of SXla, w hen a gummy soft mass was formed Ai a certain 
stage, a small quantity of it was pressed between two photographic glass plates to 
sufficient thinness. The soft film so obtained was subsequently treated wu’th 
water until the hydrolysis was complete- This film w'as exposed to X-rays and 
the diffraction pattern boxx a ])oint-to-point resemblance to that of the xjowdered 
.specimen It tlius became evident that the cryslahs as they grew^ during the 
process of hydrolysis were extremely small, .so that a comidete random orienta- 
tion of the lattice-planes relative to the X-ray beam was possible. The siir.id- 
taneous presence of sharpness and uniform intensity in the diflYaction rings 
clearly shows that the extension of the crystal grains in each direction lay within 
the range to 10"^^ 
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JMeasurcnicnts of diffraction riiijjs of white sulphur revealed that the 
crystals of uhite sulphur have a structure quite diflcreut froni that of Sb The 
table (III) shows the values of the UrauR-spacinns of white sulphur and their 
relative irilensilies on an arbitrary scale. 

White sulphur or is a highly stable crystalline variety of sulphur, just 
like Sa at ordinary temperature. It does not pass to the o -form slowly or rapidly 
at the room temparature, like the monoclinic variety (yS^). We have examined 
after one year since its jaeparation and have found that the whole of it still 
remained insoluble in fiiid produced a system of diHraction rings exactly 

similar to those obtained in the case of a freshly i)ref)ared specimen. 

It, therefore, appears that sulphur may exist at the ordinary temperature 
ill two distinct crystalline states, namely, Sa and ySa» and both arc highly stable. 
The mode of its preparation alone determines the stale it assumes. It may, of 
comse, be possible that one of the ciystalline states is unstable. Tlie rate of 
transformation of the unstable variety is extremely slow and can not easily be 
detected. For, it appears impossible that one and the same substance may exist 
ill stable equilibrium in two diflercnt configurations (v‘^a and Sw) under the same 
physical conditions. J^ometimos impurities present in the mother snbsiaiice 
influence its structure in such a way as to totally transform it. But at the 
present stage when the experimental evidences are quite meagre, no satisfactory 
couclnsioii can be anived at about the leal nature of . 

A. tup: transition op into a t rnon 
T e; M P H R a 'J' U R F S 

A quantity of white sulphur was heated at a temperature of alxuit SS'^’C for 
36 hrs. and was analysed by X-rays at the room temperature. A pure 
pattern (Fig. 1 ) was obtained and the rings were quite sliarp and narrow. 
The process of heating therefore, had completely modified the structure from 
the ui to the a-tyj)e. The amindification so obtained utis found to be 
quite stable at the ordinary temperature, as one sliould expect, and no sign of its 
reconversion was ever noticed. I 

5. TRANSITION O 1' INTO RKfiOVV TllR 
MKLTINC^ POINT 

As mentioned before (see. ib)^ we know from chemical literatures that oitho* 
rhombic sulphur is the only .stable crystalline variety at the ordinal > lempeiature, 

^ A.S white sulphur poisscsses a distinct crystalhnc structure different fioin tliat c^f S,, 
and , we think it proper to represent it by a different svnibol . 

f The process of conversion of into has rcrenlly been studied in greater detail. 
The results seem to throw a new light on the nature of and will be published in a future 


paper. 
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but it becomes unstable above cjs' ^sC. At this leniperatuie mid above it, 
orthorhoinI)ic sulphur passes slowly into a second crystalline phase (S^) belonging 
to the nionoclinic lyi)e. With a view to study the transition phenomenon, a cell 
(^f finely powered orthorhombic sulphur was prepared and was maintained at a 
temperature of about loo' C during the exposure. But the photograph failed to 
furnish any evidence for the said transition phenomenon. A large number of 
exposures were made at temperatures vaiying betw'cen oo^'C and loo' C and in 
every case, the ]jatteni aiipeared highly irregular owdng to the appearance 
of s])Ols or dots, and long streaks (iMgs. la, (S and 9). In most of the 
jdiotographs no ring could be traced and the ].)lates were full of blurred, or sharp 
sf)ots. This peculiar phenomenon, allliough baffled our present endeavour, 
suggested anolher line of study and the results have been embodied iiV tlie next 
section (6). There w'c luivc t'ome to the conclusion that the peculiar (l^lianges in 
the diffraction patterns are not at all associated with the transition phenomenon 
hut are connected with the growth of the crystal she. 

As it w^is found that the specimen when heated during the exposure, always 
exhibited dots, streaks, etc., and gave no idea of the transition from S,< to vS^, 
another method of enquiry was adopted. Thus in one of our experiments, the 
.specimen w'as lieated contiimously to ick>''C for about llirce days, which was long 
enough for the conversion of S.y into S^. A small quantity of the heated 
specimen was quickly powdered''' in a mortar and i)laccd in tlie proper position for 
exposure at the room temperature. 

liach exposed .sample was replaced by a freshly prepared one after one hour. 
Though S^j is unstable at the ordinary temperature, yet the transforniatioii of 
>S0 into S« does not take i)lacc very rapidly This only produced a ring 
system exactly resembling that of rhombic .sulphur (S,J. vSimilar exj|)criinents 
were performed with sulphur healed to higher temperatures (u]) to loo^'C) for 
longer j periods, and with quicker alteration of tlie exposed s])eciii]en but in no 
case any change in the ring system could be detected. 

In another series of ex[)ciimeiits, needles of nionoclinic siilpluir were first 
prepared by cooling molten sulphur in a crucible. ^ ® Very fine shining needles 
projecting inwards from the walls of the ve.sscl were obtained . >Sojne of them 
were cinished in a mortar and examined at the room temperature. In this experi- 
ment the specimen w'as also cliangcd every one hour during the exposure. The 
photograph showed exactly a S^-pattern as mentioned in the previous paragraph. 
One is thus foixed to the conclusion that either the period of conversion of 
to Sa is shorter than the accepted period, or the ])rocess of powdering 
completely influences the conversion. From these experiments, no definite 

^ The powdering is essential for the appearance of continuous rings on the plate. Tf the 
specimen is first heated for a long time and then cooled to the room temperature, it only shows 
dots, streaks, etc. (see See. 6). 
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conclusion could be arrived at ix\eardinj; tlic tiaiisilion temperature of to 
in the solid slate, b'urlher experiments are beine umdiieled to Llncidate this 
point. 

6. s r L p 11 r R A T 11 1 (; ii 'r h m p p: u a r r \< i«:, p. p r w p n w 

T IT p: m ]•: h T 1 N ('r p () I N r 

It has been mentioned before (See, 5) that tlie riipp system in tlie dilTraetion 
l)attenis of sulphur lieconies very irre^'ular when tlie speeimcii under examination 
is maintained at a liigh temperature durin.Li tlie exposure. Willi a vie^v to study 
the idienoniena systematically, sewial photographs were taken not only at 
different teniperatin cs Init also at each temiieralure the specimen was healed 
for different periods before the actual exposure. Asa rLsull, \\e ha\e noticed 
that the special features characterising the patterns obtained at tcmpei atures 
lyini; between So'^C and no'^C arc (a) the discontinuity of the rinps, (/)) the 

ai^pearance of asterism, i.c., radial stieaks, and (c) the aj)i)eai aiu'c of a larrie 

number of sharp intense spots arran.eed irreepilarly on the plate We have 
further (observed that tlie nature of the jraltein at any delinite temjierature 
de])ends URain on the total period for which the sjiecimeii of sulphur is heated 
before the actual exposuie. 

As for example, three distinct stages of changes in the pattern were 
detected at The first photograph (h'ig. 12) was obtained with a s]>ecimen 

which w^as heated only during the period of exposure rvhicli w as about ten hours. 
The figure shows very clear signs of asterism, specially in the central region 
of the photograph. The second stage of the pattern is illnsl rated in /igiire S, 
where the specimen was heated for about thirty lionrs at joT'C befoie the 
exposure and the same temperature was maintained Ihrongliont the ex])osme. 
Here the asterism is less marked and the rings are distinctly broken or dolled 
ill ai)pearaiice (several intense ST)ots api>ear on tlie plate) and all of them are m^t 
clearly separated. In the next photogiaph (h'ig. g) whicli \\ as taken with the 
si)ecimen heated for a period of sixty liours at io4"C, W'c see the last and the 
filial stage of the pattern. This state persists for fiirthei* ijeriods of Iieating 
the exposed specimen, and it is characterised by tlie extreme sliarimess of tlie 
intense spots on the iihotograph. Tliey are now cpiile separated from one aiiotlier 
and though they are arranged cjuite at random over tlie whole surface of the 
plate, 3^ct they strongly rcscnibie the spots in a Lane pattern in external 
appearance. The phenomenon of asterism persists up to Uie second stage but 
is never observed in this final stage. 

Exactly similar experiments were rexieated at dilferent temperatures. We 
have noticed that the phenomenon of asterism is observed in a marked degree 
at higher temperature but it also apiiears at a temperature as low^ as So' C, where 
it is very much less pronounced. Below 75 "C we have not been able to detect 
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any asterism, although llic grainy ai>pcarance of rings or the appearance of 
blurred intense spots is clearly revealed. At these lower temperatures again, 
the rings never disappear totally 1)iit only they are weak, and a ninnher of spots 
a])pear on the plates. Some of the spots lie on the rings no doubt, but most 
of tiieni are arranged in a disorderly manner. Recently we have observed thCvSc 
sharp si)ots even in the patterns of specimen at the room temperature 3o”C, 
which was powdered a few days before the actual exposure. 

It is (luite evident from the above experiments that there must have been 
some sort of change taking place in the crystal texture of the powdered grains, 
wheJi they are subjected to some heat treatment at high temperature. 'The 
first observation of the above peculiarities in the diffraction photogtaphs at high 
temperatures was made al loo^C. 'riiis temjicrature was chosen \\dth a view 
to study the idicnomeiioii of enantiotropic transformation of sulphur, which 
is generally believed to take idace above 95°'5^' (sec {^ec. 5). The appearance 
of asterism in the photogra])h at this temperature and also in others taken 
subsequently at various tempeialures suggested that this ellect might lie due 
to some cuivature of the lattice planes of tlie minute crystals in tlie ])oudcr, 
caused by the well known transformation strain which is produced homogeneous- 
ly throughout eacli crystal at the time of transition from one crystalline j)hase 
to the other. The increased prominence of asterism \yith tlie increase of 
temj)eraiurc generally supports the view. Tor a higher temiierature in the 
case of enantiotropic structural transformation is equivalent to a greater force 
producing the strain. Moreover the total disapiiearance of asterism M lower 
temperatures gives further support of this view. But if this transformation 
strain is really res])oiisible for asterism, then such transformation 
can also take i)lace at so low a temperature as So'^’C where the i)lieiiomenon 
is clearly observed. But the existent literatures on sulpliur do not suppoit 
this latter point. According to tlicai the structural transformation of sulphur 
(Iocs not take place below c)5^”5C. D- (Icriicz goes even fuithcr and according 
lo him the Iransfoniiation of into Sfi can not take place below the melting 
point, unless Sa is already admixlmcd with a (]uantity of Se and even in that 
case the transformation takes place at 97“ 6C. IL Mitscherlich "" was of opinion 
that the transition point lies in the i)roximity of the melting point of S.. 

Further if we assume that the transformal ion of Sa into S/» is possible even 
at these lower temperatures, still there are Certain difficulties which are 
not clearly uudJrslood from this point of view. For example the strains 
produced during the process of structural transformation cannot account for 
(a) the discoiitiuuity of the rings and (fa) the appearance of innumerable sharp 
si)ots on the plates at the final stage of heating the exposed specimen. We shall 
see below that all the observations on sulphur here described find satisfactory 
explanations on the basis of the idea of growth of crystal-size at high tempera- 
tuies. 
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To test the validity of the above idea we ijerfornied another experiment 
and results liave confirmed this view. A quanlity of finely divided snlphur 
was made into a thick paste with the help of collodion and a mixture of ether 
and alcohol. Allowing the paste to spread over a plane ^lass plate a film of 
sulphur-in-collodion was obtained. Inside the film, line grains of sulphin 
remain embedded in the solid medium of collodion and are thus (lebancd from 
coming in contact and uniting together to form bigger ciystals at higher teiii- 
peraturcs. A suitable poition of the film was exposed at k.j'’' C in the usual 
way and the pat tci n ihig. lo) did not exhibit any peculiarity obseived in the 
previous experiments. The nature of the pattern at lo,]' C was exactly similar 
to tliat at llie room temperature. 


7. TTTIC PROCKSS 01^' CVRSTAl, (;k()WTri IN TllR IM ) \V 1 ) 1 < jr j) 

('rRATNS Ol' SURITIllR AT JIKUH^R 
T M r u: R A T V R V. S 


Evidences are now rile for the ^rowTli of ])i,e.L;c‘r siiicile crystals at suffjcienlly 
high leiiiperatiircs frciii tlie polycrystalliue aggregates of metals The accelera- 
tion (jf crystal grouTh at higher lemperalnres has led to the idea that tile increased 
thermal cjiergy posASessed by the molecules of the cryslrils in tlie form of kinetic 
energy, causes an ii^crease of niolnlity of the molecules.*^ This increased mobility 
is essential in the building up of bigger structures. For a small unit of crystal 
l) 0 \vder which we may assiinie to consist of a single crystal having sraiic minute 
surface defects due lo powdering^ must l)e associated with other molecules or 
smaller units in the right iiositioiis and for this i>urpose e\en the molecules Ij'ing 
in the most favourable iiosilions must possess sunicieiit fieedom lo move, so that 
their inigTalion into the exact ])osilions in the lattice may be possible. 

Let us now consider a single grain ^vbic1l lias a large number of similar ininie- 
diate iieiglibours. The prriiier union between lliein lesiilting in a bigger single 
crystal must involve cementation of one unit uilh the other through faces which 
are ciystal]ogra])hical]y similar. When two such faces ol the two neiglilmuring 
grains closely approach each other willi tlieir directions a])iiroximiiteiy j^arallel, a 
very favourable condititu is created for their union intu a bigger unit. 1 he senii- 
cryslalliue layers of molecules covering each number of tlie growing particles will 
now bring about the union, forming themselves a sort ol bridge-layer between 
them. This cement layer plays a very inijiortant part in the iM ocess of crystal 
growth in polycrystalline nuis-ses."’ In the first stage tiiey remain in a more or 
less amorphous or senrcrystalline condition having a tendency for molecular 
alignment which is greatly hcliied by the increased mobility due to the rise in 
temiierature. In the primary stage of development the grovin-oul-shuctuie will 
I:)ehave as a highly imperfect single crystal owing partly to the a])]>ioxiinate 
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parallelism of tlie uiiiliiig faces and partly due to llie presence of the compromising 
semi-crystalline cement layer. 

But as the period of heating continues these highly imperfect strnctuies. on 
the one hand, associate themselves \\\ih other favuuraMy oriented grains and 
thus grow into still bigger units while, on the other hand, the cement layer acts in 
such a way as to eliminate the defects jMeseul between two neighbouring faces, 
^riie gradual impiovement of the order of perfection of the crystal is eflected by 
the- slo^v albgnment of the molecules in the cement layer in a way demanded by 
the adjoining cr>s1al faces Ww may now imagine that, of the two adjoining 
faces, only one is absorbing the molecules available in the cement layer 'this 
causes the c(jnsuniplion of the whole layer present at the l-)eiinning of the 
])rocess. But reall}^ until the w hole stinicture becomes truly perfecA (certainly an 
ideal perfection is never realised) the boundary layer will never be tijtally absent, 
h'oi [IS the hiyer Iosl'S one molecule by the process of alignment, anckher may be 
subslituted then from the neighbouring face of the other unit, which is supposed 
to be inactive. 'I'hus jnactic.ally there is a continuous traiisiiort of molecules 
from one of tlu' adjoining faces to the other, and tlie seini-crystalUne hiyei is 
alw[iys ])resent as a dynamically stable intermediate stage in tlic foniiation ol l)ig 
single crystals. 

In an ideal condition when then* are no im]uirities #accuinujating on the 
lioundary hiyers ““ retarding the* function of tlie cement layer and when the rate 
of growth is tairly sU)W, wc may ex^jecl an ideally perfect crystal l)y a long conti- 
luaition of the i)roeess. But this ideal is luirdly realised in practiie and ultimately 
we are satislied with a mosaic structure, which for all practical i>urp()ses serves as 
a good single cryslab Before actually interjn'cling our results with sulidmr at 
higli temperatures, We would like to ine.seiit a picture of the dilTraclion ])heno- 
mena including asterism as may be observed in tlie case of a crystal in its various 
stages of changes. Let us consider tlie diffraction pattern from a i)ol>a'ryslalline 
mass consisting of a number of single crysPils distribnted quite at i andoin In 
this case the pattern will evidently t'onsisl of a very large nniiiber of sharp Lanu 
si)ols arranged in a disorderly manner. If the constituent single crystals of the 
polyciyslalliiic mass be now so fractured, as to be sub-divided into smaller units 
having their con evSiion ding faces only slightly deviated from their original posi- 
tions of accurate parallelism, the iiatteni will no longer exhibit any shaip spot, Init 
will consist of radiid streaks. For, just as the image of a luminous i>oiiit formed 
by reflection frrnii a i)lanc mirror assumes tl)C sliape of a long streak (strictly a 

* The luniil’cr of ers'.stals aetunlly taking part iu the diffraelion should he very .small 
siu'h that it dues nut exceed, sa\ ahont ^u. Iv Clark has pholugi apJied the pattern due to 
polver}slaniiie aluminium sheets of various degrees of erystallinc grain-.^-i/.e, The patienis f)f 
sulphur in the final stage of heating exactly resemble those of aluminium taken by Clark, 

S'e*? friid Hraggi “ The Crystalline State,” Vok T, p 191. 
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highly eccentric ellipse), if the mirror is rolaled in si)ace with the normal lying 
within a small solid angle round its original position, so the Lane si^ots formed ])y 
reflection from the faces of the slightly orientated constituent units of the im* 
perfect crystals will be elongated into streaks. Again, if these units are further 
disturbed or the diffracting units are powdered, so that the powdered grains are 
sufficiently small and their orientation is quite random, familiar Pebye-Scherrer 
rings appear on the photographic ])late. 

The case of sulphur at high temperatures is very similar to the above case of 
the polycrystalline mass but the procedure is just the reverse. Here we start with 
a powdered S[)eciiiien of sulphur which produces w ell defined Debye- vSeherrer rings. 
With the increase of temi^erature, the minute single crystals begin to grow in 
si/,e. In the first stage of the growth, the grown out structuics remain highly 
imperfect, for the crystallograidiically similar faces of the component units are 
slightly deviated from one another with the results that continuous lings 
disajipear and streaks or asterism come out prominently on the plate. With 
la[)se of time, however, the imi)erfections of the grown out crystals giadiially 
disappear and ultimately we arrive at a stage where the crystal grains become 
sufficiently perfect and large to produce sharp Pane spots of complicated 
nature. No streak may ap])ear in this case. 

In coniieclioii with the picture reprCvSented here above the grow th oi the 
crystal size, A\'e like to reiterate the case of solidified plastic sulphur or the other 
types of sulphur Avhich are not soluble in carbon disulphide (Sec. h'j. The 
sizes of the crystals in these modifications are very small as they i)rodiice (juite 
continuous rings without any further i)Owdering the sample. This state is 
preserved until it is heated to a high temperature. It lias been mentioned beft)re 
that there is a strong evidence that a layer of St)2gasis formed and adheres t(j 
boundary surface of the grains of the insoluble sulphur modifications and this 
layer separates one unit from the other. If the suli)liiir molecules on the boun- 
dary possess sufficient kinetic energy to penetrate the vS()2 layer, then only 
growth may take place. At ordinary room temperature evidently these 
sulphur molecules are not sufficiently mobile to pierce through the layer of S( 
and thus bring about the grow th iu a manner discussed before, but as the 
temperature is raised, the layer of vStJg gas is removed and then the growth 
commences in the usual way. 

8. LTQIMI) vSHLrilDR (V I G. to) 

The work of blatchfoi(P * on liquid suiphur at various temperatures has 
already been mentioned before (Sec. lid)). His investigation was caiiied out 

Distinct evidence ui Uie growth of the sulphar ptiwdered crystals whicli are sohil)le m 
CS2 has been found even at the room temperature. 

4 
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with in the range of i3o"C to 2U)X\ The anangcnicnt only proviclecl a small 
resolution and thus he ol>scrved only one diffraction band (Table IV) in the case 
of molten sulphur. Willi a narrower slit (o’/i m.ni. diameter whereas the olher 
author used a slit of 1-3 m.m. diameter) and a g^reater resolution two well deiiiied 
rings have been observed 1'he si)acmgs are lecorded below : 


TAnnE IV. 
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Intensity. 
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We confined our attention purposely below i3o"C (the lowest temiieratnre 
of Bkitchford’s experiment) with a view to study any structural difference 
betw’eeii molten S,x and niolteii S/3 Rhombic Sa and monoclinic sulphur 
were prejiared in the usual way, and the liquid structure was examined just above 
the melting point, namely, nq' C (for vSa) and iio'C (for S^) but no difference in 
the spaciugs calculated by the Bragg -relation could be detected.* 


i). vS V L r II ii R A 'I' L o w r k m r i\ r a 'j‘ n r k 

rreliiuinary investigation on Sa w^as carried out at the temperatures of CO2 
snow, nurture of CO _i— snow' and ether, and liquid oxygen. The powdered 
sul.istance appeared ])erfectly wdiile even at the temperature of CO^ snow. The 
rings appeared sharper and better defined but liardly any difference in the 
structure could be detected. 

The writer desiies to exj)ress his thanks Ig Prof. B. B. Ray for his interest 
and helpful discussions ill course of the work and also to Mr. K- Ray, M.vSe., 
foi’ his valuable help during the ex])eriment. 


Khaika T/,\iioKAroRv (jr rnvsics. 

tT\l\'JvRSlXV ColJ.KOr, OK vSciKNCK 
g2, PlMM'.K ClRCUKAU RoAl>, 
CAi.ccri'A. 


* Rceentlv furtlier exaniinaliou of liquid sulphur has been continued and the detailed 
result will be publishe d in the next part- 
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ABSTRACT. The cell dimcnsioii.s of crcntiiiiiic Iims Ihtii (IcUrniiiicd Iiy Die nil id ion 
pliokigralih inetliod \\ith results, uo f'o )3'i | Co ' .s ■''.S anti no" The 

number of moleeulc.s per unit cell i.s thus ealeuliited to be S. I'Voni oseillatioii ])hologr;i]ih.s it is 
conelndcd that no .systeiiuitic absence of planes occur and hence the spuci-groui) is found to 
beCL JP/3»». 


The recent works liy Bernal and his collaborators have given a great impetus 
to X-ray investigations of substances of biological origin, as .such studies have 
yielded results Avhich have been found very useful in tlie eliieidatioii of constitu- 
tion of these substances. In fact, in the case of crgosterol, tlie original formula 
pro] losed f of this compound had to be modified in view of the results of Bernal. 
But the molecules of such conutounds are too huge for the determinations of theii 
atomic arrangements by X-ray inve-sligations on them. In order to get a clue 
into the .structure of the molecules of these compounds, it will be more useful to 
determine the structures of smaller units of which the.se large molecules arc 
comijosed. The molecules of biological products are mostly composed of reduced 
carbon rings and a few types of heterocyclic rings. vSo the projier procedure for 
such investigations is to determine correctly the structure of such .simple rings 
and apply that knowledge to determine the structures of the more complicated 
molecules. Creatinine is such a simple heterocyclic ring compound and since 
good single cry.stals of this substance are easily obtained, and as this subtance 
itself has a great biological interest, so it has been chosen for our inve.sligations. 
In the pre.sent communication is described the determination of itssjiace-grouii 
and attempts are being made to make a Fourier analysis of its structure. Creati- 
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nine lu.sbeen fouud to belong to the nionoclinic prismatic class, with axial angle 
ikj’ (Irotli s Chcmische Kristallogra])hic, V’ol. Ill, p. 576). Its 

axial ratio as given in tlroth's book is i’i57t : i : ? 

I he pure sul)stance was crystallised from water. IMoiioclinic pri.snis 
Iwinided by a crombination of mfjiuj, r (001) and a ( 100} faces were found. In 
some crystals, an end face (ioa) was also developed. 

r or the determination of the dimensions of the unit cell rotation ]ihoto- 
graphs about the three crystallograpliic axes a, h, c, were taken. 

The axial lengths ^vere found to be : — 

<Pi= l)o = 5'^5'^ and £:o = i4‘S6 X. 

The density of creatinine was determined by floatation method Mmi a mix- 
ture of chloroform and acetone with proper correction of temperature and it was 
found to be I'.v^bgiTis. per c.c. Hence the muni )er of creatinine molecules ijcr 
unit cell comes out to be S. 

( tscillation photographs about the two inclined a and c axes are taken. As 
the two axes lie in a plane of symmetry only nine iihotogrf.])hs at intervals of lo" 
were taken. The reflecting [danes were identified in the usual way and the 
results are collected together in the table below. Hy e.xamining the list of |)lanes 
it is found tliat tliere is no s.v.stematic absence of jdanes. » So the space-gioup 
is C’2 


Taiujc I. 

IJst of u llcdinLi l^lancs of cu aiiniuc {pliolog}al>Jis laiccn alwui Ihc Ih'O 
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Taui.k 11 iconid,). 
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Taiu.e II (could.). 
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Planes. 

Tiilen.sit3'. 

I'laiRvi. 

Inti'Jisilv' 

1 

Ill 

V.S. 

>33 

S. 

111 

V.S. 

333 

v S. 

1 12 

s. 

132 

M.S. 

112 

v.s. 

334 

W. 

J14 

MAV. 

333 

vv. 

12 J 

M.vS. 

HI 

VAV. 

121 

M.S- 

142 

M.VV, 

123 

M.W* 

133 

v.s. 


5 
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I'AHlJi 111 (cOVld. 
(kiicnil Planes. 


Planes. I 

Intensity. 

1‘laius. 

Intensity. 

1 

151 i 

V.vS. 

1 (>.3) 1 

M. W, 

1 

•sa 1 

V.S. 

1 (33) 2 

W. 

<52 1 

V.vS. 

1 (13) 2 

M. W. 

‘53 

vw. 

211 

\\.s. 


s. 

211 

v\ vS. 


s. 

2T2 

v.\s. 

162 

vS. 

213 

V. s. 

163 

v.w. 

214 

1 

w. 

171 

s. 

221 

V. vS. 

171 

s 

222 

M. S. 

‘72 

v.v.w 

223 

* M, S. 

172 

V.S. 

224 

W. 

‘73 

V.VAV. 

231 

V.S. 


w. 

23 ‘ 

s. 

181 

w. 

232 

V. w. 

182 

M.W. 

232 

V. V. w. 

iqi 

w. 

233 

s. 

](io)i 

M.W. 

234 

V. w. 

1 (10)2 

M.W. 

241 

M. W. 

l(jo )2 

M.W. 

2.H 

V. W. 

i(n)i 

MS. 

242 

M. S. 


M.S. 

2.12 

V.S. 

i(n)a 

v.v w. 

245 

M.W. 

1(11)2 

* w. 

251 

s. 

1(12)1 

v.v.w. 

25 ‘ 

s. 

1(12)1 

V v.w. 

252 

s. 

1 (J2) 2 

V. s. 

252 

V. s. 

1 (13) 1 

M. W. 

233 

‘ M S. 
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Table III (could.). 

('icnei'al Planes. 


Planes. j 

Intensity 

Plants. 

liiten.sily. 

254 

V VAV. 

321 

V S. 

261 

iM.8. 

322 

S. 

262 

W. 

322 

S. 

262 1 

V . V . W . 

.333 

M.S. 

263 

VAV. 

341 

IM.S. 

271 

vy\\\ 

i 341 

S. 

271 

s. 

342 

V.S. 

272 

v.w. 

342 

s. 

272 

VAV. 

343 

V.V.W. 

273 

v.w. 

3 .S 1 

M.S, 

274 

v.w. 

351 

MS. 

274 

M.W. 

353 

V.V.W. 

281 

1 

354 

w. 

281 

s. 

354 

w. 

282 

M.S. 

301 

M.S. 

291 

V.V.W. 

361 

w. 

292 

AI.W- 

362 

V.S. 

2(10)1 

VAV. 

3 (^.i 

M.S. 

1 

2'lo)2 

MvS. 

371 

1 M.S. 

2(10)2 

M.S. 

371" 

M.S. 

2(11)1 

M.W. 

372 

1 W. 

a(n)i 

V.V.W. ' 

372 

M.W. 

2(13)3 

M.S. 

381 

i M.S. 

2(16)1 

V.V.W. 

381 

M.S. 

311 

V.S. 

38* 

V.W. 

311 

V.S. 

382 

V.V. W. 

2X2 

s. 

391 

M.S. 

313 

M.vS. 

391 

V.V.W 

313 

W. 

39 J 

W. 
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Table 111 {conld.). 
General Planes- 


Planes. 

Inlensitv. 

Planes. 

Intensity. 


V.V W. 

443 

M.S. 

3(io)j 

M.S. 

45t 

V.S. 

3(10)2 

M.S. 

451 

V.S. 

3(10)2 

W. 

452 

w. 

\ 

3(l2'l 

W. 

452 

Vi-W. 

3(12)2 

W. 

453 

w. 

3(13)2 

V.V.W. 

454 

V.V.W. 

3(14^1 

V.Y.VV. 

461 

w. 

3(15)1 

V.V.vS, 

461 

s 

3(15)1 

v.v.s. 

462 

MS. 

411 

v.w. 

462 

S. 

^li 

v*w 

471 

M.W. 

A12 

v.s. 

481 

M.S. 

412 

v.s. 

482 

M.W. 

413 

M.W. 

4S3 

VM. 

413 

M.>S. 

491 

M.S. 

416 

W. 

492 

W. 

416 

M.S. 

4 (ion 

w. 

421 

V.S. 

4(10)1 

M.W. 

421 

V.S. 

4(10)2 

S. 

422 

V.W. 

4(1012 

V.S. 

424 

V.V.W 

4111)1 

w. 

431 

v.s. 

4(11)1 

V.V.W. 

43? 

v.s. 

4(11)2 

■ M.S. 

432 

vS. 

4(12)1 

V.W. 

434 

V.V.W. 

4(13)1 

V.V.W. 

441 

M,S. 

4(13)1 

V.V.W. 

442 

V.V.W. 

4 (1.5)1 

V.V.W- 

443 

V.V.W. 

4 (is) I 

V.V.W, 
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Tadle III (con Id.). 
fieucral Planes. 


Planes. I 

1 

Tnlcnsit_v. 

PlaTK.s. 

Intensity. 

i 

V.vS. 

! 

V.S. 

512 

VvS. 

621 

M.S, 

512 

V.V vS. 


S. 

52] 

M-S. 

f)22 

s. 

521 


632 

W. 

522 

M.S. 

632 

W. 

531 

M.vS. 

6/|2 

M.W. 

53A 

AT.vS. 

642 

M.W. 

532 

v.s. 


v.w. 

541 

w. 

f>5i 

v.w. 

541 

w. 

661 

MS. 

551 

v.v.w. 

661 

M.W. 

552 

V.vS. 

671 

V.W. 

552 

v.s. 

671 

M S. 

5^’2 

v.v.w 

672 

V.W. 

562 

v.v.w. 

672 

V V.W 

572 

v.v.w. 

6(io)j 

c 

572 

v.v.w. 

6 \ ro) I 

M.S. 

581 

s 

9(jl)2 

S. 

591 

M.W. 

6(11)2 

V w. 

591^ 

M.W. 

6(12)1 

w. 

592 

M.S. 


M.W. 

5(10)2 

M.vS. 

6(13)1 

M.W. 

5(10)2 

V.V.W. 

6(14)1 

V.W. 

5(12)1 

v.w. 

6(14)1 

V.V.W. 

5(13)2 

V.V w. 

6(iS)i 

V.V.W. 

611 

V.vS. 

6(15) J 

V.V.W. 

611 

VvS. 

711 

IM.S. 

612 

V.vS. 

711 

M.S. 


1 . 

— -■ 
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Table III (conid.). 
(General Plaues. 


Planes. i 

In tensity. 

Planes. 

Tiitensity. 

721 

M.W. 

841 1 

S. 

721 

M.W. 

841 

S. 

722 

M.S. 

891 

V V.W. 

731 

f). 

89T 

V.W. 

73 ^ 

S. 

892 

V- 

73 ' 

M.W. 

8 q 2 

w. 

742 

M.W. 

8(14)1 

v:v.w. 

742 

M.W. 

8(14)? 

v.v.w. 

752 

W. 

912 

v.w. 

752 

V.W. 

972 

v.w. 

761 

M..S. 

931 

M.S. 

761 

AT.vS. 

931 

M.S. 

781 

W. 

932 

M.W. 

781 

w. 

932 

M.S. 

791 

M.S. 

932 

M.W. 

791 

M.S. 

952 

W. 

7(10) j 

v.s. 

q 6 j 

VAV, 

7(10)1 

v.w. 

967 

V.V.W. 

7(12)1 

M,S. 

971 

V W. 

1 

H 

M.W. 

97 i 

V.W. 

«ri 

V.S. 

992 

V.W. 

811 

v.s. 

9(11)? 

s. 

812 

v.s. 

9(13)1 

M S. 

812 

v.s. 

9(13)1 

M.W. 

• 

H 

oc 

M.S. 

(10) II 

S. 

831 

W. 

(10)12 

V.W. 

83 ? 

w. 

(10)12 

W. 

832 

M.W. 

(10)21 

M.W. 

832" 

W. 

(10)21 

M.S. 
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Tabi<r III (contd.). 
(icneral Planes. 


m 


Planes- 

(io)^2 

(ro)42 

(M52 

(10) 6i 

(io)6t 

lio)8i 

(10)91 

(10192 

(10) (10) I 

(io)(i3)i 

(10) (13)1 

(11) iT 

(11)11 

(11)21 

(11)22 

(11)22 
(ti) 5 T 

( 11)52 

(ji)6j 

(11)61 

(11)62 

(11)72 

(11)81 

(11)82 

(11)91 

(11)91 

(11)92 

(11)92 

(ll)(l 0)2 


Inlcnsity. 

M.S. 

M.W. 

V.VAV. 

M.S. 

V V.W. 

v.v.w, 

v.v.w. 

V.W. 

V. W. 
M.W. 
v.v.w. 

M.W. 

M.W. 

W, 

MS. 

M.S. 

M.W. 

V.V.W. 

V.W. 

V W. 
V.V.W. 
V.W. 
v.v w 

V V.W. 
V.W. 

v.v.w. 

V.W. 

MS. 

M.W. 


Planes. 

(n)(io)2 

(11) (12)1 

(12) 21 

(12)21 

(12)22 

(l.i )22 

(12)42 
(J 2)51 

(12)62 

(12) 62 

(12)72 

(12)72 

(12)82 

(12)91 
(12) (10)2 

(12) (12)1 

(J2)(l2)l 

( 13 ) 11 

( 13)11 

( 13)21 

(13)32 

(13)31 

^13)31 

(13)32 

(13)32 

( 13 HI 

(13)41 

(13)42 

(13)52 


Intensity, 

W. 

M S 
S. 

S 

V.W. 

v. v.w 

w. 

M.W. 

v.v.w. 
v.v W. 

M.vS. 

M.S. 

W. 

v.v.w. 

V.W. 

M.W. 

v.v.w. 

M.S 

V.W. 

\\\\\ 

M.S. 

V.W. 

M.W. 

M W. 
M.W. 
V.V.W. 

V. V.W, 
M.W. 

W. 
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TauIvU 111 [contd.). 
(luiicTal Planes. 


Pianos. 

llitoiisilv. 

Plant s 

liitcnsitv 

(13)5^ 

M.W. 

04)81 

V.W. 

(13)61 

1 V 1 S. 

(i.S)ii 

V.V W. 

(13)61 

M.wS. 

(fS) 3 J 

V V.W. 

(^3)71 

v.v.w. 

(13)31 

U^w. 

(13^72 

AI.W, 

(15)41 

W w. 

1 

03 ) 7 -! 

Al.W 

(J.S) 4 -! 

\ 

w, 

\ 

(i 3 Kji 

V.W. 

^i.S)5i 

M.W. 

(J 3 ) 9 i 

M.W. 

(15)51 

APW 


V.V.W. 

(15)61 

V V.W. 

04 )-!l 

AT.W. 

(J 5 ) 7 > 

v.v.w. 

(14)21 

V.W. 

(13)71 

V.V 

(J 4 ):J 3 

W. 

(i 3 )«i 

V.W. 

(I 4 ) 2 i 

W. 

(13)81 

V.W. 

(14)41 

M W. 

(j6)ij 

V.V.W. 

(14)41 

AT.W. 

(16) 

V.V w. 

(14)51 

V.V.W. 

(i6i:>j 

v.v.w. 

(14)51 

V.W, 

(16)31 

M.W. 

(i 4 )f>i 

V.W. 

(16)31 

M.W. 

(14)61 

V.W. 

(16)41 

V V.W. 

(14)71 

M.W. 

(16)41 

v.v.w. 

(14)71 

M.W. 

(16) 61 

V.V.W. 

(14)72 

AI.W. 

(16)61 

v.v.w. 

(14)81 

V.W. 

(17)31 

M.W. 
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DETERMINATION OF THE FREQUENCY OF AN OSCILLATOR 

WITH A CONDENSER 

By H. MUKHERJEE 


iKrci'ivcil lor l'iihlicaiio)i, Apiil ..A, kiv'I.) 


ABSTRACT. With an II. of tin* lonii a v\‘.iU-ini.U'ioi a (U'liaincim li i 

null l)nint is ohlniiuHl utidrr h\<) ondilioiis, iiainclN, (i) wlu'ii tlu' ciirrcid lliioiiidi l illirr Hu* 
rix(‘d or the uin\ in, 11^ coil is /cro and (.:) uluii the jdiaso dihen iiu- helween the emu uts in tlie 
two ,s> stems of t'oils is i;o , Tn the method deserihed helow, ad\'ant'a;.;e is tidxeii ol Hit' seeiifid 
eiMulilioii The rcsislanees imd the e(m(l( nsei an arraiif.',ed in tin amis of a Wli( alstone in t , 
t}it‘ niovine'- eoil in oik of the diaijonal arms and the fixed coils in serii s uitli Hk' cinunt snuria 
in the other diai^onal arm. It is shovN'n tlial the pliase-ilillen ik e In tween the cinienls in Du 
two systems of coifs is 90' when 


I 


0 



i i )) 1 


I N r R 0 DTT 0 '!']() N 

Wlicn a (lynanioiiictcT or a vvatt-iiieler is used as a recordiii}?, iiisli iiincnl fui 
alternating currents, the deflection of its inovinj^ coil is given by 

a=A. cos X 


where I/', I;;, are the R. M, vS. values of the currents in the fixed and moving coils 
respectively and X, the phase diilcrence between them. Jl is obvious that the 
deflection is one way or the other according as cos x i^ positive or negative and 

IS zero when (1) I, or I,,, — o or (2) x = ^ . In experiments which reijuire the 

2 

fulfilment of the first condition such an instrument can be used in ])laee ol 
Iclepliories. In llie exiieriment de.sciibed below, liowevei, llie null j)oinl is dne 
to the fulfilment of the second condilimi. 


r n i^ ( ) R Y 


A system consisting of a resistance R and a reactance X acts with res])ecl to 
an alternating currcTit as an impedance of value Jwf /X. If tlie leactaiice is 
inductive. X = Iy/), where L = iuductance and — 2.1 .freipieiicy ; if tlie reactance 


is capacilative, X= 

Cp 


6 


where C = capacity . 
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111 figure T, the impedances of the arms ab, be and ad consist of the iion- 
induclive resistances P, Q and R respectively while the impedance of the arm cd 

is — ^ . The arm ac contains the moving coil of an a.c. galvanometer of the 

Lp 

form of a vertical watt-meter or a dynamometer. Assuming the inductance of the 
moving coil to be zero, the impedance of this arm is the resistance, G. Tet 
1*21 t^tc., be the currents in the different parts of the network at any instant. 
Then 



Figure i. 
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or 


i>(Sk-,x) 




(P + Q + G)-( R -I f' P' + iX 
I P + Q + G ■' 


or 


i p -h Q + ( ; 


V 


fs K* + X» 


R+ Kx» 

P+QIG I 


.-ji^ + O) 


•• (^) 


where 


riud 


tan f = 


tan ^ = 


X 

^ R 
P 


R + 


X 

0 (P + Q) 
P + Q + G 


(5) 


Thus the phase difference between iy and i is 0 + 6'. The dellectioii of the 
moving coil will, therefore, be zero if 


0 


+ 0 


n 


or 


or 


or 


In deducing the above equation, the inductance of the moving coil has been 
assumed to be zero. In practice, however, that is nut the case. The inductance 
should therefore, be compensated by a preliminary exiieriment from which the 
resistance, G, of the moving coil arm will also be obtained, The connections for 
the purpose are given in figure 2 . 


Q 


tan 0=cot 6 

p+ G(P + Q) 
pfQ + G 

X 


R 


x'-*=-^-=S-R 

^ P P + Q+G 


( 6 ) 



m 
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ImCUTKIC 2. 


li 1‘' and ( X arc the resistances, X /• and the reactances of the arms cic 
and cci respectively, 

V'i', + {V+jX,)ir-Q'i', = o 

or (P' + Q' + P + iX, )i' ,■ -Q'/'., + P'i^=o 

and (F + jX,) /' , + (G -I- yX J F. - R'i'., = o 


whence 


i'f 


(VR'-r'('. -.;P'X „ R'(P' + Q0 + F(P'-rR ) +;X7(P' + R0 

'J'he ])hase difference between i' /■ and is ^'h f/)', where 

Xr 

P^JF(1>' + Q') 

F + R' 


tan 0' = 


and 


X„ 


tan <//= ^ , 

a R'-(; 


or 


There will be in) deflection if - , or tan ^►' = cot 0^ 

n 

V X - (' e' p,_,^ \ 5 n+ R'(P'-^Q') I 


... (7) 


There will 'also be no deflection if i'f=^o, the conditions for 
w'hich arc 
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It is easy to sec that 


Avheie 

when 


L,„ — incluc'tauce of the moving coil, so tluit 
X„ = o 


h,r- 


rh 

j 4 - T-lrl>'^ 


(o) 


]<; X I* J-; k i M R N T 

(«) AtraugoiinU jor scrmin^i constaiuy of ficqiicncy : — Since in most 
cases the frequency of an audio oscillator depends on the strength of the cunent 
drawn in the experimental circuit, the device shown in figure may he adojilcd 
to ensure constancy of the frequency. 



Fighkic 3. 

V — ^-Valve having an internal resistance less than 300 ohms. It may he of 
type Philips K 406 or Mazda Ac/Pr. 

HU— >-High resistance potentiometer. 

Cl— > Low frequency choke of valve 20 to 100 henries. 

Kj— ^“Condenser of capacity 2 to 8 fxV. 

t— >Mercury cup key intended to let the output current flow only as long as 
necessary. 

(if) Adjusivicnt of the post lion of liic moving coil . A?i 7 hcn using a galvano* 
meter of the watt-meter or dynamometer type for a. c. nieasuiements, the initial 
position of the moving coil should be carefully adjusted. If the position is not 
symmetrical with respect to the fixed coils, there will be a linking hetween the 
moving coil and the lines of force due to a current in the fixed coils and if this 
current is alternating, there will he an induced current in the moving coil tending 
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to luiuK it to the .syiunictrical position. To start with, therefore, the levellii], 
soews and the torsion head should be adjusted so that the moving coil may 1,^. 
syimneli'ically placed with respect to the fixed coils. The former is then shori- 
circniled and a fairly high alternating current sent through the latter. If theie 
a deflection, the torsion-head siioUld be turned in the direction of the 
ddhetm till the moving coil remains iinafrcctcd by the current in the fixed 

coils. 

(w) Compeusalion of Hu' movhtg roil .—The arra/igqnent of tl.e 
ap/-aratu.s is slm iu figure 2. The balance coirespoiidwg to ^gaation (y) is 
cusilv obtained for any value of 1 simply by acljlisting K ■ yliVer obtairiw^ 
such a balance, the condenser K is short-circuited to alter the phase difference 
bciwvcn /' r iin The balance w ill he disturbed The jjvocedurc is repeated 
with different values of r till there is no dchcciion whether K is short-circuited 
or Jiot, till the balance is indcjieiicleiit of llie reactance of the arm ac. The 

co-cfScieni of Xr must tben be zero, /.c., 

X, = o 

and tlierefore, (since Q' — P') 

R' = n, 

Ihe resistance of the ])arl, ic y, togetlier with that of the connecting wires 
in the R'-ann is determined iu the inaiiuer described in (V). 

{iv) Arranj^cmeni fot llic Dele j mi nation of Frequency — The fixed coil and 
the compensated moving coil arc now connected as in figure 4, and with 
the standard condenser C in Die fourth arm, rd, of the iiet\vork, R is adjusted till 
balance. 



C, SOURCF 


s;T„ 


Figure 4. 
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{v) Determination of the ihik}ioion Parts of ihcRcsistavcc of the Atm ad 
The unknown parts of the resistance of the R-ann (fig. or the R'-ann 
(fig, 2) are the resistance of the connecting wires aiul Unit of llie ^vire w 
between the end zv and the final balance i)oinl 3-. In order to detennine the 
total value of these resistances, the a. c. soiiice is rei)laced by a d. i\ source in 
the last arrangement and the ratio Q/JMnade equal to n-o. The known lesis- 
tanccs in the part a re are all plugged. Instead of the condenser, C, a resistance 
box is put in the arm, r and tlie resistance of this arm adjusted for balance 
at the final null ])oinls botained in (Hi) ajid (/V), 


R M A R K 8 


In selecting the values of the resistances and Q for exi)erinicnt (iv) two 
points are to be borne in mind. 

(a) Tt will be noticed from equation (.]) that the ratio /^// depends on the 

P 

fraction - , - This fraction should, therefore, not be too suialL 

P + QtO 

otherwise the sensitivity of the arrangenient will be aflected. 

{b) PToni equation (6) it will be seen that the accuracy of the result depends 

among other things on the quantity ^ Now Cl is deterniine<l 

by a separate experiment ; hence in order tlial any error introduced in its deter- 
mination may not appreciably affect the result, (P + Q) should be suitalily small 
in compaiison with Cl. 

In the experiment conducted in this laboratory, the value of Ci after the 
compensation of the moving coil was 136 ohms. Hence keejiing the two iioints 
mentioned above in view P and Q were each made equal to jo ohms. 

It is obvious that the oscillator used must give a simiou.s c-mj, 01 be one 
in which the harmonics have a very lou intensity. A Vreelaiid o.S('illator or 
a carefully constructed valve oscillator is very suitable. 

It is also possible to detennine the frequency with the help of an inductance 
instead oi a capacity — the formula in this case will Ije 




= « «11 i 


f 


where L = uKluctaiice and S = resistance of llie arm toiitaininK it. Hul in 
this case, unless L, is fairly large (i.e., about lo m. h. <»r more), K -S ^ is 


small and so the error in llie determinatioii is comparatively larf-e* 
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The method of compensating an inductance described above is known as 
Sunipuer’s method. The effective resistance of the system consisting of tlie 

condenser, fc, and the resistance, r, (fig. 2) is !, - r and the effective 

I + r’k'p' 

reactance “■ • Tims by clioosing a suitable condenser, the coni- 

1 r rlrp“ 

I)cnsation can be made i)ractically independent of the frequency of the oscillator 
up to luof) cycles per sec. The inductance of the moving coil of the galvano- 
meter used in this laboratory was about cr36 ni.h. The condenser (i:hosen had, 
therefore, a ca])aciLy of (J U3 ixP. I 

Once the moving coil is carefully compensated, the gnlvanomeier can be 
used to delcrniine frequencies covering a wide range within error of i\ in 300(j. 
Conversely if the frequency is known, the method affords means of 
capacities quickly and accurately, 

b'or determination of inductances, the method is more convenient than Wien’s 
method in that it entails an economy of ai)])aratus and lime — provided that the 
compensating system is regarded as a part of the galvanometer — while the 
accuracy of the result obtained is not less. 

I am highly grateful to Prof. vS. N. Bose for his material hel]^ in developing 
tlie method, 

1 YS I cs ] ) ii;rAK TM1 -: n t , 

1 )ACCf\ UxiVKKSJ'l'V. 
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MAGNETO-RESISTANCE CHANGE OF FERROMAGNETICS 
IN ALTERNATING MAGNETIC FIELD 

By S. SHARAN, M.Sc. (Pat.) 

Lecturer, Bihar College of Engineering, Patna 

(Communicated nv Prof. K. PRO.SyVD) 

(Received for publication April 4 1938.) 

ABSTRACT. TliC' r<'si^,taii( cs uf iiiokcl niul Ni I'nm peniiallov liave liccn stinlicd utulor the 
of an alteninli’ng field alone and also under the cfIctT of an alternating and a 

fhrect magnetic field sinjnltaneoasly. It has been observed that the application of a gradually 
iiicrensiiig alternating field in the ahsenct* of a diieet field produces no change in the resistance 
r>f tlu^ specimen, until it has a value cfjiial to the coercive fit ld of the specimen ; and if tiic 
alternating field is inei eased hey- iiid this value the resistance increases in the same way as it dtx-S 
in the case of the direct field. In the presence of a direct field, the alternating field first causes 
a decrease in the resistance and after a certain value has been reached, corresponding to 
which the resistance is minimum, the resistance begins to increase as usual. A definite 
relation has been observed bciwien this particular value of the alternating field and the dire(‘t 
field. Inn ther, it has been obsiTVt'd that the resistance of the specimen increases beyond its 
original value at zero alternating field, only when tin* alternating field is greatei than the sum of 
the direct fii ld and the co( reive field of the specimen. Theoietical explanation of the above 
observations has been given. 


r N T R 0 D V C T 1 ON 

The niagiiclo-resistauce change of fcrroiiiagnclics in an unidirectional field 
has been the subject-matter of investigation of various workers ; but as far as the 
author is aware very little work has been done relating to magneto-resistance 
change in alternating magnetic fields » Some recent workers ^ have shown that 
the i)assage of alternating current through a ferromagnetic wire alters to a 
considerable extent its electrical properties. This change in the electrical pi o- 
perties is a complex effect and may be partly due to the passage of alternating 
current as such through the material, partly of the nature of skin effect due to 
the permeability changes in the ferromagnetic caused by the alternating magnetic 
field of the alternating current and partly due to the alternating magnetic field 
itself* It is the purpose of this work to throw* some light on the effects of an 
alternating magnetic field on the resistance of ferromagnetics as separated from 
the effect of passing an alternating current through the specimen and the consc-, 
quent skin effect, 

7 
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F, X r n R I M jc N T A 1 j a r r a n o n m f n t s 


It, is kiiovvir'^ that the resistance of a ferromagnetic wire undergoes no change 
due to tlie passage of a direct current within moderate limits. For this reason, 
a constant direct current of tlie value of o‘i Amps, as read by an ammeter placed 
in series with the specimen, was used for measuring the resistance of the wire, 
throughout the whole experiment. For measuring the resistance, tlie well 
known Kelvin’s double bridge was used and with this arrangement, a resistance 
change of the order of jo micro-ohms could be determined with accuracy, which 
was found enough foi the purpose in view. The specimen in the form of a wiie 
was iilaced longitudinally in the centre of a solenoid, the length oi,^ which \vas 
much greater than that of the Avire, so that the fuJ] wire could be subjected to 
an unif(jrm magnetic field. The solciund consisted of two sections of wires wound 
one above the other, through one of which a direct current could be p^^ssed and 
through the other, an alternating current, and in this way, the specimen could be 
subjected either to a longitudinal direct magnetic field or to a longitudinal alter- 
nating magnetic field or to both simultaneously, 'fvvo specimens of wires were 
investigated. One was of pure nickel and the other was of Ni-iron permalloy of low 
cocrcivity. The coercivities of tlie two specimens were determined by the usual 
magnetometer metliod 

R S TT Iv T S 
Tatit.ic 1. 

NickcL 


Coercive field — 7“8u Cumss. Length of the wire — S7’5 cms. Diameter of the 
wire — o*(vpS cms. Resistance of the wire — rr 330 ohms. 


Alternating 

Direct Rongi- 
tiidiiial lock!— 
Nil. 

Direc t Longitudinal I'ield 
i()*3 Gaiis.s. 

Direct Longitudinal Field— 
30-6 (jauss. 

Ltnigitiuliniil 


dR due to 


dR due to 


iMcld in 

clR 

AUft nati ng 

'I'otal dR 

Alleniating 

Tctal dR 

( rans-s. 

in Olini.s x lo' 

lield alone 

in ( dims X to" ' . 

field alone 

in Ohms x jo" *. 



in Oliins x 10 * 


in Ohms x 10 * 



0 

0 

514 

0 

8-40 

2 73 

0 





y62 

0 





yA^ 


0 

S'l/l 


8*40 

TO- 13 


a 

5 -M 

0 

T.p.I 7 

'ryn 

0 

3 M 

0 

8'4o 

r 7 1 

yiA 

1 > 

.VJ -1 

— 0-36 

iS'o 4 

jS*(M 

57 ^^ 

1 I'oS 

h '22 

— 072 

7 -68 

3h‘jS 



8.50 

-e- 5-1 

7 ‘86 

3 r ‘7 

1 T ',s:: 


J 7 'C)8 

1-56 

C)-f;6 

7 - 37 


JlO’Jk 


1 4-68 

13-08 


i6\sd 

i:» 7 o 

17-84 

d' 4 ^' 

14-88 

108-5/1 

3 9’6:; 


31-34 

(^•iS 

^7-58^ ■' 


Table II. 

Ni-Iron Permalloy. 

Coercive field — 1.40 Gauss. Length of the wire — 55.5 cnis. Diameter of the wire — 0.045 Resistance of the wire 
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9^45 
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Tables I and II give the results obtained with nickel and Ni-iroii permalloy, 
respectively. The second column in both the tables gives the resistance change 
of the specimens when subjected to only alternating magnetic field. The other 
columns represent the measurements taken with a simultaneous ai)plication of a 
direct and an alternating magnetic field. The results are best appreciated with 
reference to fiigurcs i and 2 , which are graphical representations of the results 
obtained. 



It will be seen that when a ferromagnetic wire is subjected to a gradually 
increasing alternating magnetic field alone, the resistance of the wire undergoes 
no change in the beginning till a certain value of liie alternaliug field is reached 
and then if the field be further increased, the resistance increases practically in 
the same way as it does under a direct niaguetic field. The particular value of 
the alternating fiek\ after which the resistance begins to increase, which wc shall 
call Hoi agrees with the coercive field H,. of the specimen, as will appear from 
table III. The magnitude of the change of resistance with alternating field appears 
to be of the same order as that with a direct field as table IV shows. The smaller 
resistance change with alternating field merely points to the fact that a poition 
of the alternating field perhaps goes to overcome the coercive field of the specimen 
and hence the resistance changes in alternating field refer to smaller fields than 
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the corresponding direct fields given in table IV. The tal)les III iind IV are 
merely analysis of the data given in tables I and 11 aiitl the curves el ligures i and 
2. vSo far concerning resistance change under the elfecl of altemaling field 
alone. 

Now let us consider the resistance change under a simultaneous elTecl of 
direct and alternating fields. When a direct field is at first applied, there is a 
consequent increase in the resistance of the specimen, as given in the tops of 
columns 4, 6, 8 and 10 of tables I and II. If now an alternating field be 
superijuposed on the direct field, a decrease of resistance first takes place and 
then after reaching a minimum value, the resistance again increases, passing 
through the value it had at zero alternating field and finally reaches nearly the 
same values as it did under the effect of the alternating iield alone, hor the 
purpose of neatness and clarity no account is taken in figures j and 2 
of the resistance change of the specimen due to the diicct field, but this is taken 
into account in the columns 4, 6, 8 and to of tables I and II, 
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Tabi,u III. 


SiKoiniiii. 

,n„ 

in (jaiiss. 

r 

TI. 

in (Lius.s 

H It /D,.,. 

11.. 

in (inu.''*- . 

ITc 

ill (iaiis.s 

H,t 4 H, 
in (kmss. 

Ni-lron IVnnallo} 

0 


... 

1.50 

1-40 

1*40 

Do 


4-00 

J‘21 

6*00 

1-40 

6-S2 

Do 

i )‘ 6 ^ 

7 ’AS 

1-30 

12-00 

J ’.■'10 

11-05 

Do 

1 


jyoo 

1.30 

2J-50 

l'/|0 1 

20-90 

Do 

38-60 

-’ 9 \S 0 

i' 3 i 

44 -.S<> 

1-40 \ 

41 )-00 

Nickel 

n 


... 

6-30 

7-80 1 

7 ’So 

1 

Do. 

19-30 



25-00 

' 7-80 

\ 27-10 

Do. 

39-60 

30-00 

1 T32 

4 -r 5 f^ 

7-80 

/) 7 -/lo 


Taw.b IV. 


Spvi’inicn. 

Ni-Iroii Permalloy ! 
Do. 

Do. 

Do. 

Nickel 

Do. 


P'ielil value 
Alleriialing or Direct 
ill Ciiiii.s.s. 

4.CS.1 
9 '^S 
jg- 5 o 
38 '^K) 
ig-3o 
39-60 


(IK in Alternriting 
L'ield 

Oliiirs X JO 

6-30 

1 . 2-00 

JO'^O 

:;()*oo 
3-80 
8 - 00 


(IK in Din-el Field 
( )l)ins X 10 1. 

22-11 

32-16 

yi\ 

S', 'I* ) 


DTvSCUSfiTON 0 1' THU RESULTS 


If. 

the alternating field at which the resistance has a niininnun value, 

H,/ = the direct field, 

the altcnialiiig field after which the resistance finally begins to 
increase, 

then two very remarkable results can be noticed from table III. 


(i) 
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Ht/ = 1 ■ 30 nearly = constant 


(2) 


The relation (2) has a very sipnificant meaning in the liphl of the following 
observations. The alternating field that is created by the iiassage of an alterna- 
ting current through a solenoid is a fluctuating field ])assing Ihrougli a inaxinmm 
in one direction 50 times per second just like the current. Now as it is the r(H)t 
mean square value of the current which is read by an A.C* ammeter, it is tlie 
root mean square value of the alternating field that is obtained when calculated 
from the alleriiatiiig current and not the maximniu value. Tf it is siii>posed 
that the resistance is minimum when the inaxiinnm value of the alternating 
lield is equal to the direct field, the relation II,/ /lb,, show s that the crest 
factor of the current used is 1*30 which is near llie correct value. 

J'he relation (i) again ])oints to the fact that the direct field apiilicd behav'cs 
just like the coercive field in this case and unless the alternating field is more 
than the sum of the coercive field and the direct field, no increase in resistance 
takes i)lace. 

Anotlier inq-)ortant observation should bo made in this connection. Ihe 
magnitude of the maximum decrease in the resistance of a fcrroinagnelie wiie 
due to the superimposition of an alternating iield over a direct field increases with 
the value of Die direct field apifiied. 


The above reinarkable observations are capable of being cxi)lainec 1 on the 
general theories of magneto-resistance change. It is known that there is always 
an increase of resistance^ whatever be the direction of the magnetic field applied. 
The increase in resistance, therefore, in an alleriiig magnetic field similar to that 
in a direct longitudinal field is quite expected^ and is a soit of average of the 
varying resistance changes during a cycle. The fact that the resislaiice does 
not begin to iiicrea.se until tlie coercive field is overcome by the alternating field 
has also a r^arallel in the case of the direct field if we consider a f nil. resistance-^ 
hysteresis cycle. 

The effects of the superimposition of alternating and direct lield. cmi l)e 
similarly explained. An alternaling field heli>s the direct field during one half of 
the cycle and opposes it during the othei half. There is an increase of re.sis- 
taiice, therefore, 111 half the cycle when the tw o fields are helping each otliei 
and a decrease in the other half ; but the increase of resistance is necessardy less 
than the decrease as is clear from the nature of the magiielo-resistance curves. 

The net result therefore in a conipletc cycle is that Iheic is a decrease of resis- 
tance. This goes on till the peak value of the alternaling field ecptals tlie direct 

field and then the maximum decrease in the resistance takes place. It is cleai 
that the maximum decrease in the resistance will be gieatcj, the gj cater the value 
of the direct field applied. After this point is passed, an increase in the alternating 
field increases the resistance of the wire and the usual form of the ma{,uicto- 
resistancu curve is obtained. 
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A part of this work was carried out in the Physics Ivahoratories of the 
Science ColJege, Patna, and the author is thankful to the authorities for kind 
permission, and to Prof. K. I’rosad, I-li.S., specially who has shown a very keen 
interest in this piece of work. 
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A STUDY OF THE F-REGION OF THE IONOSPHERE 

By R. R. BAJPAI 

AND 

B. D. PANT. 

F^hysics Department, Allahabad University. 

(Coiiuiiunicalcd by Prof. M. N. vSaiia, F.R.vSJ 
{Keccivcd for [yiibliiLUion^ Aiavy’, 

ABSTRACT The rrsulls of ir)nizali(>n iiicnsurcini'iils in llu' T^n-j^inii (Innii^if "Nov. 
and De c., TQ3O, nr(M'r])r>rte*<l. A nniuhrr of typical curves sli()\\'inc( Hit diurnal variation of 
electron density arc ipveni and Hie^ir salient features discussed. 

{separate cxislcjice of Ihc Tpre^ion lias been observi d till a few liours after sunset. 

I'Aidencc is sunnnari/,ed to show (hat solar lhe(uv of ui)t>er alinost)hcric ioni/alioti is iii- 
adeejuate to explain all the (jbsiTved idieiioineiia. Uitber Hie theory slioidil he inodiiietl or 
some other source tjr meehanisni of electron production should he found fail 


I. I N^I'RO DUCT ION, 

The paper presents the results of weekly ineasiirenients of ionization in the 
F-regioii at Allahaliacl (Lat. 25 25' 55'^is, bong. 8r 55' o'TC) during the months of 
(Jetoberj November, and Deceinbor, 1936. The observations weie generally started 
on Saturday evenings and closed on Sunday evenings. A description of the 
apparatus along willi some interesting results concerning a new condition of 
reflection discovered from the value of the dilTcreiiee between the ciitical pciictra- 
tion frequencies for the o- and x-waves is in tlic course of publication elsewhere. 
During most of the runs the critical penetration frequencies of h.^ regiun and 
night F-regiou only were measured, however, on certain days we found tlie elec- 
tron content of both tlie and Fy regions, 

'4. K X P P R T M Iv N T A b R IC 8 TI J, T S. 

A. NfJTPS ON CI'KVUS 1 b L b S T R A T K 1 > 

Considerable variations have been found in the ionization of the 
and in its diurnal behaviour from one period of observation to another. We sludl 
now describe some of the typical critical penetration frecjueiicy cuivcs showing 
the diurnal variation of the maximum electron density per c.c\ in the Pa-regiorn 

6 
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j — N()vcnil)er 1-1-15, 1936 — ruprcsents a typical curve showing the diurnal 
variation in the critical penetration frequency of tlie I''2-reRiou during this 
part of I lie year. We observe that the critical penetration frequency 



Frequency 
Sun rise 
Sun Set 


Indian Standard Time 
Fie 1 


runiaiiis constant at ,io'6 me. /sec. (N — j‘21 x lo^’) from 17. cc* to 20.00 (J.vS.T.), 
From a comparison of the sun set curve* it is seen that the ioni/.alion docs not 
fall till an hour and a half after the sun has set in the re^^ion (at a hci.clit of 300 kins.). 
From 20.30 (1. S. T.) a rai)id decrease in ionization is noticed, and the critical 
penetration frequency falls to a value of 5*9 me. /sec. at 23.30 (I. vS. T.), whence 
the ionization begins to increase, Wc notice an inipevceiitible broad niaximuin 
at about 01.^5 ( 1 . S, T.). From 02.40 (I. S. T.) the ionization again commences 
to decrease rapidly and, at 03.30 (I. S. T.) the critical peiiet^alion frequency 
attains the minimum value of 3*2 me. /sec, which does nol change till 0430 
(I. S. T.), when the ionization is seen to build up rapidly. 'I'lie sun rise curve 
shows tliat the early morning increase in ionization begins about 20 minutes 
before suii-rise at a height of 3(10 kins. The rapid increase in ionization is seen to 
continue only up to 07.30 (I. S. T.), after which there is only a slow variation 
with a broad maximum at about 09.30 (I. S, T.) followed by a very shallow^ mini- 
mum at noon. 

Fig. 2^ — October 3-4, 1936 — We observe that on this curve, the night niaxi- 
mum in ionization, which is normally observed during this pait ot the year, is not 
to be seen. The ionisation is seen to decrease, first slowly and then rather rapidly, 
there being a icgular fall throughout. We notice that the critical penetration 
frequency is almost constant at 3*6 me. /.sec. between the hours 02'30 and 05*00 
(I. S. T.) The pre-sun-rise increase in ionization is also absent. On October 3, 


In drawing the sun-set and sun-rise curves the currection due to refraction has not been 
taken into account. 
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the critical penetration frequency is seen to liave suddenly increased a nuinbca- of 
times, as iSvSliovvn by dots above the regular curve. vSucli increases in I'q region 
have been observed at otlier ] daces as well, and are prolxddy due to sudden formation 
or arrival of dense patches of electrons. The occurrence of such local electronic 
clouds has l^ecn pointed out b}^ other workers. ' We observe, that the value 
of the critical penetration frequency on the evening of ( )ctol)er 3, is about i‘5 
me. /sec. higher than that on the following day. 



Fig. 3 — November 21-2:?, 1936— One of the s])ecial features of the curve is 
that, instead of one, there are two secondary maxima (one very flat) of ioniza- 
tion during the night. We also notice that there is no pi e-sun-rise increase in 
ionization but Ave observe that in the evening the ionization is not seen to fall 
till a little more than an hour after the sun has set in the region. The increase 




214 


R. jR, Bajpai add B. D, Pant 


in ioni/alioa on the morning of 2.md Noveinl)tT is seen to begin actually 20 
minutes after sun-rise at the lieighl of the F region. From 09.00 (I. S. T.), 
it is found that the F-region s[>Hts up into Fi and F^. 



Fig. 4 — OrtoI)cr 9-10, 1936 — It appears to us that the ioiiospliere was much 
disturbed on these dates. The rei)orF' from the Colal)a observatory, Bombay 
on the magnetic character of each day describes these days as those of small 
divSturbance, but we suspect that there was some local magnclic disturbance 
also, for on other days described as of small disturbance in 
the above report we do not notice any such i)eculiarities. We observe a broad maxi- 
mum in the evening centered between, the hours 17.00 and 18.00 (I. S. T), after 
which there is slow but regular fall in ionization. At 21.30 ( 1 . vS. T.) a sharp 
uiininium is to be noticed, whereafter a sudden increase in ionization is observed. 
It is to be noticed that at 21.30 (I. S. T.) the critical penetration frequency becomes 
9'2 mc./scc., a value higher than that in the evening hours. After mid-night a 
regular decrease is seen to take iilace which continues for about an hour and a 
half. The critical penetration frequency remains constant betw^een the hours 
01.30 and 02.30 (I. S. T.). Observations could not be taken between 02.45 and 
07.15 (I. S. T.) due to failure of power supply. A sudden increase in ionization 
on the loth evening is to be noticed. 

Fig. 5 — -December 6-7, 1036 — On this day the ionization of both, the Fx and 
the F.2 regions, was measured. We observed separate existence of both the 
regions till about 10 o’clock at night. The ionization is seen to remain constant 


Wfc* are indebted to Dr. C, W. P. Normaiid, Directnr-Oencral, Meteorological Dcparlment 
of the Ooverniucnt India and to Dr, K. R. Rainanathan, Meteorologist-in*charge of the Colahit" 
Observatory, f<u the regular supply of these report s. 
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fur a period of a little over two hours after vSiiii-set. This existence of tlie 

h -region has not been ret)oited by any hairopean or yVmcriean ^vorker who re- 
port that it is only a day-light idienomeiion. However, bhar^ at Calcutta, has 
lepoited the existence of both the regions throughout the night during 
November, 1936. 



Fig. 6 — October 17-18, 1936 — The general features of the curve are similar 
to those of figure 1. We observe an evening inaxijnum at about 16.^5 (I. S. T.) 
and, iiivStead of a secondary night nuixiiiiiun, the critical penetration frequency 
remains constant at 8'6 me. /sec. between the hours 22.00 and 24.00 (I, S. T.). On 
this date also we notice that the ionization does not begin io fall till about an hour 
and a half after the sun has set in the F2-region. 
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li. R ]'! c o M n 1 N A r r o n con i' !■' i c i n n t 

If \vc assiiine that elcctnais arc only lost hy recombination with positive 
ions and tliat the lUinibuM' of clcclroiis is (jqiial to thu iinmbc'r of positive ions, we 
can write for day time conditions that 


dti 

dl 


= // — aN 


wliere, (jf~nanilKT of electrons produced ])cr c, c. ])er sec. 

a^recoiiibination coefficient. 

N— niiinl)er of elections per c. c. 

For nii^ht time conditions we have 


(i) 


dt } 

dl 




U) 


W'hic]) on iiite.uration yields 


N2 



— “•(/2 / I ) 


(3) 


wlierc, Ni = Number of electrons per c,o. at time / j, 

N^— number of electrons ])er c. c. at time 1 2 ^ 

The followiii]^ table gives the value of a as ol).served on a number of niglits. 

Tabi.k J, 


Date. a X 


3.10.36 

3’9 

17.10,36 

S ' 5 

7.1*1.36 

8'o 

36 

3‘2 

21 .11.36 

7'9 

aS 11 36 

7 3 

6.12.36 

3 7 
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3. I) I S C U S S I O N O 1 ‘ R li S U Iv T S. 

A. TUB IM n R N A L VARIATION O I-' K Iv K C I' R O N I) Iv N S I T Y. 

In discussing the diurnal variation of the electron density in the I'^-rcgion 
we shall chiefly confine ourselves to the ty|)ical curve given in figure i , We 
observe tliat the miniinum of ionization is reached at 03. .jo and a steady value 
of 1.5 X lo"’ electrons per c. c. continues for about an ho\tr, whence there is a 
sharp rise. It is obvious from the sun-rise curve that at the time of this sharp 
increase, there are still 20 minutes before the .sun will rise at a height of 300 
kills. However, we can roughly say that with the incidence of the rays of the 
sun in the region the ionization begins to build ui* rapidly, probably through 
the process of photoionization. As the sun’s zenith angle decreases, the rate 
of increase in ionization is seen to increa.se up to about 07-00 when it begins to 
decrease. Thus it is seen that, although the sun's zenith angle is decreasing 
and the rays responsible for ionization are reaching the region with greater 
intensity, yet the rate of increase of free electrons is decreasing.* 'I'he law that 
ionizativin should vary as cos'‘,x as the solar theory ilemands, is flagrantly 
contradicted. We think thai at this time the electrons begin to attach them- 
selves to heavier i)ai tides. IVIost probably oxygen molecules get dissociated 
and a large number of oxygen atoms are formed. As atomic oxygen has got 
a gieat affinity towards free electrons (according to v^niythe’s measureuients, 
it is 2 '2 volts), the latter get attached and are thus rendered inefiective .so far 
as the reflection of radio waves is concerned. With the increase in the altitude 
of the sun, greater number of oxygen atoms are produced. 'I'his enhances the 
rate of attachment of electrons. Thus we obtain that although the rate of 
production of electrons is increasing', yet the rate of increase in the number of 
free electrons is seen to decrease. At about oyoo the rate of formation (jf iems 
becomes equal to the rate of disaijpeaiance of electrons through attachment 
and recombmaticn. At midday the number of electrons lost by attachment 
and recombination becomes greater than those i)roduced and we oh, serve a dip in 
the equilibrium value of free electrons. In the evening upto about 2 houis 
after sun-.sct the attache I electrons get detached I and oxygen atoms recombine 
to form at .such a rate that the eciuilibrium value of electron den.sity is main- 

* It nia}^ be pointed out here that it is not necessary tliat the crjnilibriimi value of the 
electron density must on increasing with the altitude of the sun, having a maximunj at 
noon, for what is obtained froni C-liapinan’s'’ theory is the rate of production of ions and not the 
ecjuiJibriuni value as obtained by experiments. The tvvu will Ije proportional to cacli other 
only if the iiuTiibcr of electrons is et|ual to the nuinber of positive ions Tt cannot be said 
that the proportionality will hold even in the presence of a host of other particles like 02, (>2^ 
(V, 0^ and ()“ which are necessarily present during the day. 

] The necessity of del achment of dectrons at night v\as first suggested by .Martyn and 
Pulley 
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tallied almost at the same value. Among other subsidiary processes helping 
to maintain the maximum number of electrons per c. c. constant may be ^ 
contraction due to cooling and helio-centric winds. After about 8 o’clock at 
night the equilibrium value of electron density begins to fall ; probably by 
this time the number of ()- decreases sufficiently so that detachment along with 
other processes at work is unable to maintain the same value of electron density 
and the electrons get lost through i ecombination . 

n. 1 N c: R n a s v: ,i n n h r: c t r o n d k n s rr y a r n i o ii r. 

Tl is clear from figure t that the electron density in l"-rcgion after tailing by 
a considerable amount, becomes almost steady at 23 30 (I. S. T.), and retains 
the steady value till 02.30 (T. S. T.), when it begins to fall again. The ^existence 
of this iiigbt phenomenon in F region ionization was first noted at thc\ Bureau 
of v^taiidards, Washington, during the last sun si)ot minimum and, at that 
time, it was found that during these hours, there was even some increase in 
electron density-'' (.'lillilaiid, Kirby, vSniitli and Reymer/ however report that 
this ])OSt-midniglit increase of ionisation has been found to dwindle with the 
apinoach of sun spot maximum. It is apparent from the ionization measurements 
of the above-named authors and those of Appleton and Naismith ” that this pheno- 
menon occurs during winter nights only. 

We observe that no satisfactoiy explanation lias so far, been put forward 
to account for the behaviour of the ionisation curve during these i>ost'midnight 
hours. As this part of the sky is not illnmiuated during these hours, the electron 
density ought to continue to fall rapidly, but ue find that the curve is nearly 
horizontal, nay at times the ionisation increases. Martyn and Pulley ' made 
an attem])t to explain these features. They observed that a correlation existed 
between the percentage increase in maximum electron density and in the 
virtual height, which diminished. From these facts, these authois conclude that 
the increavSe in electron density duiing these hours is due to the contraction 
of the region as a whole due to night time cooling ; but a critical examination 
of their reasoning shows that the argument is rather crude, for the region of 
maxiimiiii Llectron density constitutes only a small [lart of the total contracting 
region and we cannot Gxtra])olate this density over the whole ionosphere as 
Martyn and Pulley have done. Further their assumption that the lower limit 
of contracting region is 80 kms, appears to be rather arbitrary^’. There may be 
further very large difference in tenipeiature between 80 and 250 kms, hence 
one is not justified in talking of average contraction. Again the apparent 
decrease in virtual height may be all illusory, because what we measure is the 
groupdinie. The actual height is the tinie-iuterval observed multiijlied by the 


^ v8ee Hiilhurt^ whotliinks that contmrlion does not extend below rVlayer. 
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group-velocity. Now this velocity decreases, as the curves of Bajpai and .MaUiiu’' 
show, with increasing electrou-couceiitratiou. So as night jiroceeds, the group- 
velocity in the lower regions goes on increasing. Hence tlie actual height in 
the post-midnight hours may be quite as large as at about niidniglit. Ihiither, 
it may be asked that if the increase in electron density is simply due In contrac- 
tion of tlic legion, wliy it does not start for a number of hours after sun set, 
why it conies to a stop several hours before siiiMise, and why tlie pheuonienon 
is not observed at all on suiniiier nights. It appears therefore that the plieno- 
mena iinolved arc too complex, and the solar theory of ionisation is not adequate 
for exj^lainiiig all the observed facts. 

It is expected that if night lime ionisation data are available from a munber 
of places widely differejit in latitudes situated in botli the hemisi»heies, it may be 
possildc to understand the problem. 

C. J A 7) Iv o [I A C Y ( ) I- T IT S V N h I ( W1 T T II IC ( ) n Y. 

"I'liis view is further supported by the valuable ovservalions on the diurnal and 
seasonal variations of the h\-region ionization which show similar characteristics 
at several widely dilTereiit latitudes, north and south, at the same lime of the 
year ^ while from a solar theoiy we would expect that tlie correSjKjiul- 
ing changes would be seasonal. The results of the radio observations 
of the Ihitish Ivxpedilioii at Tromsc/* during the Second Polar year, 1032-33, 
brought to light another fact that at Troins»/j tlic P'^-region critical i)enctration 
frequency was found to be greater at mid-night (when the sun was only 1'' 
above the horizon) than that at midday (when the sun was 45*^ above the liorizon) 
at the time of the mid-night sun.’^ It flagrantly contradicts the solar theory, 
for if ionization is simply due to the ultraviolet light of the sun the eliccl 
would be tlie reverse. 

Very recently ionospheric investigations carried out l)y an Oxford University 
expedition ' to North-Past Laud (Lat. So" 23^ N., Long, ig"' 3^'^'^*) have brought 
forth further facts having an important bearing uinm this i)iol)Iem. '1 hey find 
that abnormal Ivregion exists throughout the four and a half months (^f the 
dark period at North-Kasl Land without any discontinuity in the critical i)eiiclra- 
tion frequency curves at the time when the earth’s shadow reaches the I\-layer 
at noon or at any other time- It appears that llie ionization in this Jvuegion is 
maintained here l)y electrons from tlic sun which, on account f)f the focussing 
action of the earth *s magnetic field round the inagnelic pole, continue to reach 
these places even during the dark period. Another possibility also exists that 
electrons produced by the ultraviolet light of llic suii at lowct latitudes aic 
carried over to these dark regions on account of the magnetic field of the eaitli. 
It is, however, remarkable to note that this Ivregion continues throughout winter 
at North-East Land but is completely absent at IroniS'/> dining this season of the 

9 
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year, although both these places are almost similarly situated as regards the 
North magnetic pole. 

A comparison of the critical penetration frequency curves for Troms 0 and 
North r,ast Land shows that the F t -region, after the disappearance in winter, 
reappears six weeks earlier at North-Rast Land than at Troms 0. In view of 
the respective situations of the tv\ o places, this is against the expectations from 
the sun-light theory. Thus the evidence is accumulating which shows that the 
sun light theory of upper atmospheric ioni/ation is unable to explain a 
number of phenomena concerning the upper atmospheric ionization. Hither 
the theory should be modified or some other forces at work whicli are responsible 
for these phenomena should be found out. We may also look for some other 
source 01 mechanism of ion production which may satisfactorily exblaiu all 
these facts. I 

\ 

n, DKCRTvAST^: OP IONIZATION IN TITK S IM A I, h 
R 0 P R S O V T R K IM ( ) R N I N O. 

Figure 1 and the curves given by ( lilliland and Oiliiland, Kirby, Smith and 
Rcymer ^ clearly indicate that after the night maxinmiii in ionization, there 
occurs a sudden deciease m the electron density of the F-region in the pre- 
daw^n hours. 

Hullmrt suggested that the disturbed condition of the layer in the morning 
is due to heliiucentric wdnds. Martyn and Pulley^ ascribe this decrease of ioniza- 
tion in the early morning to the inrush of air due to these winds. Tliere is, 
however, a serious difficulty in the w^ay of this explanation. According to this 
view Ave should get this sudden decrease in ionization in the small hours of the 
morning throughout the year, but Gilliland and Gilliland, Kirby, Smith and 
Reyincr's ^ w'ork .shows that the decrease in ionization on a summer night is 
quite regular, there being no change in the rale of decrease in the small hours 
of the morning. There appears to be no leasoii as to why the heliocentric 
winds should not blow during the summer months. It appears to us that this 
decrease does not constitute a i»roblem in itself. As soon as a satisfactory 
explanation of the increase in ionization during post midnight hours is found 
the question of this morning decrease does not arise, for wdien the unknown 
source that increases tlie maximum electron density becomes inactive, tlie ioniza- 
tion is bound to fall. 

IP MINT M U M ION I_Z A T I O N .'X N I) '1' H K T I M E OF S U N - 
R T S IN T H E IVR no I O N. 

Figure 1 shows that tlie ionization begins to increase about 20 minutes before - 
the sun rises at a height of 300 kms, wdiile figures 2 and 3 show that this increase 
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begins 20 minutes after the sun has risen at a height of 300 hins. Again figure 5 
indicates that the increase in ionization in the early morning is delayed still 
further. It actually begins to increase one and a half hours after sun-rise in the 
F2-regioii. Thus it appears that, at least in the case of K2-rcgion, there is no 
simple correlation between the time of sun-rise and the time of increase in ioniza- 
tion in the early morning and that there arc some other factors to he taken into 
account. For such a correlation more data extending over a luueh longer period 
are required. However, at the suggestion of Prof. Saha it has lieen atteniiited 
in this laboratory.* ‘‘ Data for Allahabad, Washington^’ and Slough " have been 
taken into consideration but correction due to refraction has not been 

taken into consideration. The general conclusion arrived at is that the 

height at which sun-rise takes ])lace at the time of miiiinmiii ionization is greater 
during winter than that during summer in all latitudes, that in higher latitudes 
the F-region ionization begins to build up alw'ays after suii-risc in the region and 
that for the lower latitudes a rough statement has been made, and that during 
summer the ionization begins to build U]) alter sim-iise in the region, while during 
wdnter it begins to do so before snn-rise. Chapmairs'^' ' theory of absorption 
of nionoehromatic radiation shows that the height at which the rale of ioniza- 
tion is maxinnini is greater during winter than that during summer. It may he 
due to this fact that in winter the height at whicli sim-rise takes i)lace at tie 
time of minimum ionization (in other words the time w hen ionization begins to 
increase) is greater than that in summer. 

Till*: kxIvStfncp: op iVi<iK'I<-)n at niottt. 

An importajit fact brought to light hy this study is the separate existence 
of Fi- and F2-regions duiiiig the early part of the night. Figure 5 clearly 
indicates that the two layers coalesce at about 22-30, i.e., after a iicriod of about 
five hours after ground sun-set. On the other hand American and ICnglish 
workers report that the two layers merge into each other neai about ground 
sun-set. However, Bliar’s‘^ ionization measurements at Calcutta indicate the 
separate existence of both these layers throughout niglit. It is remarkable 
that Gilliland, Kirby, Smith and Reymer’' report that during 1036 winter, they 
were not able to observe any F i layer even during the day. 

G. R K C ( ) M B I N A 1' I O N C O H !• IM C J K N 'J\ 

The observed value of the recombination coefficient has heen found to vary 
from 3’2 X 10"’ to 8 x 10" ' from one period of observation to aiiollicr as is shown 
in table i. It may be mentioned that the values of a have been calculated on 
the assumption that the number of electrons is equal to tlie miinber of positive 


* See also Appleton 
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ions which is not correct,* for electrons get attached to neutraJ particles as well. 
1 hiis we see that the relevant equation for ctpiilibriuni during day time should be 

if.N == N, (N- + N,) (4) 

cl I 

where N,. = Number of electrons per c. c. 

N* Number of negative ions per c. c. 
and for night time conditions we have 

— = -a N,. (N'+ N,,) . (5) 

dt 

It is clear from (5) that the value of a calculated from (5) will be smaller 
than that calculated from (3), depending upon the value of N". Saha and Rai, 
in some unpublivShed work of theirs, have theoretically calculated tile value 
of a to be I ’25 X 10“ ' ’ . This value will be in excellent agreement with ou^ obser- 
vations if the correction due to the presence of N“ is taken into consideration. 

(Hir grateful thanks are due to Prof. M. N. vSaha, D.Sc., F.R.S., for his 
kindness on the authors in granting them vscholarships out of his personal re- 
search grant from the flovernmeiit of the United Provinces and for many useful 
discussions and suggestions regarding the presentation of the pai>cr. 

We also wish to record our best thanks to Dr. Cl. R. Toshjjiwal for his keen 
interest and suggestions. 

We are also thankful to Mr. K. B. Mathur, M.vSe., for help in taking some 
observations. 
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HEXACOORDINATION IN TELLURIC ACID, AND 
IN MOLYBDATES AND TUNGSTATES IN 
SOLUTION 

By JAGANNATH GUPTA. 


{1\ci civcd for publicafio^i, Innc j, i();S ) 

Plate VL 

ABSTRACT. Vnllovvin^ a previous (‘Dniiniinioation fui llic subject, telluric acid nnd 
several molybdates and l.iingstales have beiai examined by theii Raman spectra in the crystal- 
line slate and in aejueous solutions of defuiiLe livdrogen i:ui I'onctnLrnlifUi. TlK'or('tieal nnd 
experimental evidences for the author's previous su.e:gest ion that in a(|ueoiis solutions, the 
normal molybdate and tungstate ions are present, Jikt telluric ai id, as dihydraled odalii dral 
units, have been adduced. Rxlra lines recorded liy utlicr workers in solutions have been 
shown to be not due to vihratioijs of the normal molybdritc or tnngstale ions, Init some fd them 
arc due to isopoly complexes present in such soluti(Uis. 


T N T R 0 I) V C T 1 0 N. 

Several oxyacids and tluir salts of llic sixlli giou]) elumcnls of Mciidulcef’s 
periodic table have been studied from lime to lime by thuir Raman sju-clra for the 
elucidation of their structures in llie pure slate and in a(|ncous solutions of 
didoreiit concentrations. The sulphate* and sclenate''^ ions have heim shown to 
be tetrahedral, and assuming the equivalence of tlie four bonds, the spectra have 
been interpreted and force constants for the S-n and Se-n lionds have 
been calculated.^ 

It was shown by tlic present author, however, that with telluric acid, tlie 
vibration spccLrnm sliowed imt)orlant dihereiices from the earlier members, both 
in the solid state and in- solution, and could bj satisfactorily interpreted l)y 
assuming an octahedral configuration of six oxygen atoms round '1 e'" , two 
oxygen atoms other than the four atoms of the anhydrous acid coming 
from two molecules of water of crystallisation.'* Similar s[;ectra were 
obtained for aqueous solutions of several normal moly})dates and tnngstates, 
on wliicli the suggestion was made ^ that in the aejueous solution the 
MoO^ and WOJ ions might each have been associated witli two inolecides 
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of water, tlie diliydrates remaining as octahedral units in solution. 'j'Jie 
Mowing urgiimenlfi nmy be put forward in support of this view 

(i) Solid hydrates can often he isolated (which may or may not possess 
the same elements of ionic symmetry as in srhutionl 

( 2 ) Ucxavalcnt luolybdcmim and tungsten are predominantly 6-coordi- 
naline.'' The two elements have a tendency to exhibit hit’ll values for coordma- 
ilon number " in lowvr vnlcncc states. 

f,v) 'Vhc electronic omin^enient ^ of the oiiteniiosL shell (j)f sulphur 
riiid scleiiiuni, vi::., ^ 

! 

; Se— 

where, after the acee])tance of Iwo electrons from the cation, the shells can 
easily form four bonds involving sp‘^ eigenfunctions, are dilTcrent from that of 
molyI)demnii and tungsten, viz., 

]\I h'b] d ^ 5.V - ; ss ‘ 5 /? ^'5^7 ■’ ( ).S' , 

wliit'h, again, are very similar among themselves. 

f,]) 111 tiansilional elements, among which molybdenum and tungsten are 

two l\'])icnl as shown in tlieii many varying valence eompouiids, the d levels are 
vacant, ^vith eiitigies coni] larable with a' and /levels. It is thus probable that 
under inihuMices of the surrounding electric held caused by the dipoles, the 
(juaiilisalioiis involving s-p combination may be broken and s-p-d combi- 
nations may be formed. The octahedral structure is preferred when the bonds arc 
apiirecial.ily ionic, and for large atoms .surrounding the nuclear atom (oxygen is 
one of the ‘large' atoms).’’ 

(5) Instances are known ^ ” where the same central atom exhibits, in the 
4-covalenl state, a tetrahedral, and in the b-covalent state, an octahedral arrange- 
ment of the coordinating groups, and where the conversion of a 4-covaleiit 
central atom to the corres] loading b-covalenl slate does not involve any drastic 
chemical treatment, 

%> 

Jveceiilly, Venkateswaran ^ ' has published a paper in which he claims to 
have recoided one extra line of zero intensity in each of the spectrograms of aqueous 
solutions of sodium molybdate and tungstate, and on the basis of the four lines 
present in his spectrograms, has concluded that these ions are simply tetrahedral 
in aqueous solutions. He has also criticised the present author's suggestion of ' 
octahedral unit formation as follows: — 
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(1) The spectra recorded by the pre.sent author weie iiicoiiiiilctc. 

(2) Such evidences of Iiexacoordinatioii are not oblaiued from a sUuly of the 
Raman spectra of aimnoniiuii molybdate crystals. 


(3) The force constants calculated ojj the basis of octaliedial slnictuieaie 
not of tlie proper magnitude. 


(4) Vj- - (I'j- + Ji-.fj^o, as the present author assumed for \'il>rations of an 


octahedrabmoreculeplmt ecptal to 


b(/c' I /.■'") 
4l'7r"C'nh: 


froiii iVageiidiaiialh 's treiil- 


meiit,''' so tliat the eiiuality “ went rather to disiirove the possi- 

bility of any such structure for these ions.” 


In view of such dihercnces of opinion, and of the c\i)erimeulal results ob- 
tained, most of the experimentrd work of the i>re,sent author has since lieeii 
repeated, and the results which have been descrilx-d and discussed m the 
present paper along with Vcnkateswaran's, go to show dcimitely that the 
extra lines recorded do not belong to vibrations of the normal molybdate and 
tungstate ions. 


Iv X P Jf K I M H N T A k ■ 

Ammonium molybdate — The normal molididate was freshly obtained by 
crystallising Merck's extra jmre ‘ammonium molybdate’ Irom coucentraled 
ammonia. .Solutions of fm = g and pn » g were jireiiaied by jias.siug re- 
quisite quantities of ammonia gas into fre.shly j)re|iaied solutions of this salt in 
double distilled water. The solutions were quickly fdteied into a Wood s tube 
which was then tightly closed with a rubber stoi>i)er to iiieveiit e.sca)»e oi 
ammonia. 

Ammonium paramolybdalo—A solution of the parauioiybdate was piepared 
by dissolving Kahibaum’s extra pure 'ammonium molybdate ’ (which is really the 
parauioiybdate) in water and ageing the solution foi 24 hours m a non-slopi.ered 
conical flask to allow escape of any excess of ammonia. Ihe solution was liiteied 
into a Wood’s tube with usual care. 

The crystals of aiiimonium paramolybdale, less accuiately termed ammo- 
nium molybdate ’ by previous workers, weie examined in the crystalline state 
using a blue uviol filter in the incident light from a ijuartz meiciuy ait lamp, .md 
a solution of azoxybenzene in benzene of suitable concentration to just cut off the 
435S’^ group of lines in the scattered radiation. 
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Sodium and Iwtassiuni molybdatvs — Tlicse were j>repared by dissolving 
Merck s extra pure inolybdic acid in clieniically pure sodium and j3otassiuin hy- 
droxides respectively, the leases being added in slight excess of the equivalent 
amount to keep the solution alkaline. I lie salts were crystallised by evaj)oration 
and redissolved in freshly prepared dilute alkalis. 

Sodium and potassium /ni^j^^Wa/rA—Kahlbainns tungstic acid was digested 
with cone. IICI and washed with \vater (to remove small quantities oi molybdic 
acid, traces of iron, etc.). It was dissolved in chemically pure alkali and repreci- 
pitated with chemically jiure cone, HCl. The precipitated acid, afterj tliorongh 
w^ashiiig, was dissolved in slightly more than its equivalent amounts of siij)dium and 
])f)tassmm hydroxides rcsi^ectivcly to keep the solutions during crystal li. sat ion 
distinctly alkaline in wdiich only the normal molybdates and tungstates alfc stable. 

Determinations of pu values were made with a Wulft Folien-Koforimeter 
(accuracy T ()‘2). Where accurate determinations were unnecessary (c.g,, in 
strongly alkaline solutions), the alkalinity of the solution w^as tested with phenol- 
phthalein, each time before and after exposure. 

Telluric aciii — T'eHurium, obtained by reducing tellurous acid w' it h sodium 
sulphite and hydrochloric acid, w^as oxidised by chloric acid. The solution on 
crystallisation iirst yielded less soluble products, and liiially large transparent 
crystals of the urthoacid Hi»TeO,i, Both aqueous solutions and crystals 

w^cre examined, the latter by the use of complementary filters described above. 

The results are taljulated below , along w ith Venkateswaran’s. Some of the 
si)Cctrogiams arc reproduced in plate VI, along with Venkateswaran's for 
comparison, the latter Ijeing kindly sent to the [^resent author and permitted to 
be published. 


Taukk I. 
I'cllufic acid. 


Authoi . 


SubslaiK'c 


Raman lines in cm" ‘ 


C. S V. 

J. 


Pn. 

C. S. V. 


( >4. ) (Tvslal.s 

Do. 

Aqueous solution 
aq solution 


3^5 (2), 637 (e>), 670 tio), 3121 {ob) 
* ■ , 630 (I), f 355 (6), 3050 (2/1) 

3-15 (3^?). ^^9 (1), (10) 

357 l3ld, 624 (il)), 647 (lol 


Absnintim of coinpleiiientarv fdler exli nds to this region. 

I'rom separate speelrograin, phulogiaplied u ith iodine and sodium nitrite filters. 
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Taih.k 11. 


Molybdates and Tunj^statvs. 


1 

Autlii.r. 

Sukstancc. 

Uaman lini-s in cm b 

.1 

Ainniuniiiin paraniolvbdatc 
crx stills 

j’.U-’', 36^(3), (.1), 937(7). 

I)(i 

Du, jKintuiis 

snlntiun, /»ii 5‘S 

'333 (3) 363 (3), Sl )5 (_S), l),).- (l.i) 

1 ) J) 1 > 1 - 

C. S. V. 

NDd^'^kO, sulnli. 11 

(;di 3'^7 (-h), i''V> (i") 

J 0 

Ni’i'inal aiimiun muJyhdaU* 

solutinii, ^ji^U ^ 

/'II > n 3 

((•), S:u Cd, ''^05 (i*'). 

Du 

NuniKil sodium inolybdalc 
solution, pu > >Q 

3.!o (K), B,;3 (4), Sgi (lu) 

Du 

Nurniiil potass, inulybdate solulitui, 
j i’ll Q j 

1 /■'II > >9 J 

3 nj (S), cS23 Cl), S()j (jc)) 

D D P 

C. S. V. 

1 Na'jIMoth ‘Solution 

0 »), .07 (lh), (ih), S (;7 (B). 

J. C'.. 

1 

1 Normal sodium tung.stale solution, 

! pu-Q'o 

/>!]>>() 3 

32 (» (f)), S3.I (.)), () 2 y (K,) 

Du 

i Normal potass, tungstate vsidiiliun, 

! />jj=i)'0 1 

Pn>>ij 1 

(3). ^35 0), (5). 

C. S. V. 

NaaWO^, -iu% solution 

3 ^.S bdd, (0), (7), (^34 (lu). 


C. vS. V — Vi'iikalcswc'jraii.^^ 

Cr. present aullna'. 

l‘i).,^ures in pal antlieses indicate rr lative intensities, estimated visually. T— polai i.sed I)— 
Cc )U ip le te 1 y de^x) 1 ar i se d . 


1) I S C U S vS I O N O 1- R n S t.) h T vS. 

Tlic Structure of telluric acid has Iteen recently discussed by Venkateswaran,^ ' 
and since the views expressed therein agree in general with those of the present 
author, any further discussion is oiiiitted. Accepting the ortho form of the acid» 
vis., Te (OH),;, the force constant Te — O comes out with the help of Bright 
Wilson's approximate frequency formiilre^ " as fcoi == 3*96 xio^ dynes per cm. 
The value does not differ greatly from one obtained by Venkateswaran from 
Nagendranath s equations^ ^ (3’54 ^ 
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It may, however, l)e seen from the table, as also from the spectrograms 
reproduced, tliat Venkateswaran’s ]\Io( >4 solution li^ives a spectroj;»raiTi 

identical with that of ammoniiiin paraniolybdate whose aiiiou was foniiiilated by 
Rosenheim as (Mo( ^ , where tetrahedral Mot)^ i^roups may be ])resent 

on the l)asis of sucli a formulation. ' Aqueous solutions liaviuj^ pn values equal 
to and urealcr than g, wheje all iso-poly complexes are unslalde and the normal 
molybdate ion js Ihe only exislin.u ion in solution file si)ectro,t^iam shows defi- 
nite diftereiKes and contains three lines instead of four. 

The iiunibei of lines recorded with potassium and sodium nadybdate solu- 
tions oJ l>u e<jual to or ereater than g, is in eacli cas.* three, and asds to l)e 
expected, have simihir 1 dative inteiisilies and nearly idcJiticaM'ahies witfi those 
for nonnal aiiiinonium molybdate solutions. It is U) be noted that theie is no 
fourth line in the s[jectroerains, althour’li these are recorded witli much )^reater 
intensities than was done by Venkateswaraii (see j)latc). 

The normal tun.i*vStale solutions yield similar results with three lines in the 
spectrograms ha\'ing intensity relations absolutely similar to the three lines for 
inolybdatcs. The si)ectrogram of sodium tungstate is more intensely recorded 
than Venkateswaran's, as the intensity of the line 83.1 wall show, but Av ^52 is 
not observed (see ])lale) in the ]>iesent author’s spectroguun. 

It is therefore pertinent at this point to examine the argunieiits put forward 
by Venkateswaraii to deduce tetrahedral structures of these ions in aqueous solu- 
tions. Ilis evidences apiiear to the present author to be open to the following 
objections : — 

1. The fundamental frequencies for MoO^ taken from the data for ammo- 
nium molybdate, are not the liequencies of the normal ion, because .simple molyb- 
date ions do not exist in aqueous solutions of the paraniolybdate. ^ ^ The crystals 
of aiuuionium molybdate, so called, have a comi)lex com])osition, and are not 
simply dihydratc of ammonium molybdate- 

2. The four frequencies of molybdate and tungstate ions (only data for 
alkali salts have been taken which are less liable to form complexes) do not agree 
in general characteristics, 



MoO^" - 317 {‘l) 

WO4" = 452 (o) 


Mot >4 



= 241 (o) 

= 325 (4). 


the figures in parantheses indicating intensities of the lines, as given by Venkate- 
swaran. It appears nnlikel> that the molybdate and tungvState tetrahedra, con- 
sidering tlie parallelism of tliese tw o elements in physical and chemical properties 
of their compounds,' ^ shoidd x)Ossess such different structures as would involve 
so difl’erenl changes in polarisability during the .same mode of vibration. Results 
of X-ray analysis do not indicate such diflereiices. 
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3, The four Raiiiau frequencies of a tetrahedron arc of comparable intensi- 
ties, since all the modes are allowed in Raman cllccl, as data for all accepted 
tetrahedral molecules will show. The spectrogram of the sulphate ion, uliich is 
tetrahedral, is reproduced on the plate for comparison and the shar]) dilTerence is 
immediately apparent. The four lines recorded by Venkaleswaran are not of 
comparable intensities. The spectra of the molylxlate and luugslate solutions 
show greater resemblance to telluric acid solution, llie difleience being that the 
Raman lines of longer shifts have greater values’' which however, depend on the 
magnitude of the force of binding. 

The vil)ratfon i-o of llie tetrahedron involves large changes in polarisabi- 
lity, larger Ilian i'*, as the vilnatiou s])eclra of all tetraliedral iiioleeules show, 
but Venkateswaran’s picture of (sodium) molybdate indicates the contrary. 
(Veukateswaran’s 1*2 = 2.11 (o) ; V4 = 3J7 (.|). 

5. The values of the force constants for Mo -O and VV -d bonds dilTer 
sharply from each other, Mo — ()*-’6 .tx jo'^ and W -d— .1.5 x 10'' dynes i)er 
cm. This is not ex[)ecled from their homologous positions in tlie periodic 
table. The force constant values may be expected to differ from those obtained 
for the suli)]inr-selenium sub-group of elements, but slionld agree among 
themselves. Values for inter-atomic distances •ol)lained from X-ray analysis 
do not also indicate sucli a dihereiice in the values of Die binding forces.^’' 
(Mo — d— W^d ■ 2.00A). 

6. It is usuiilly found that the breathing viliralion of the telraliedion 
possesses lower frefpieiicies with increasing mass of the c'eiitral atom, in 
Sd;, vSed.;, (pS3:S35 ; A.W. of central atom 3-'7q). v^iCl •, TiCI^, SnCl^ 

(459:425:^^2:367 ; A. W. 1 2:28:4s; 1 19). The contrary is met witli in the 
case of mol3d)dale and tnngslate ions in solutions ((S(i5:()J5 ; A.W. f)f central 
atom 96:18^), which may be exj)lainecl if tlie I)indiiig force increases with the 
atomic Weight ; but VciikateswaraiTs calculations sliow that witli increase in 
the mass of the central atom, the value of the force constant falls sliaijdy. 

It is lliercfore lielieved that the extra lines -is- Wd" and for Mod^ 
recorded by Veiikateswaraii are either spurious or due to impurities like tlie 
isopoly comi)lexes present in tlic solutions in whicli care was not taken to maintain 
a value greater tlian 8. It is unfortunate that Dr. Veiikateswaraii did not 
specify the pn values of liis solutions, ‘^'dilthough previous exjierimeiiters like 
dhosh and Das ‘ or Damaschun - “ did. 

Accepting, however, the presence of only llireu lines in the vibration spectra 
of aciiieous normal molybdcilc and tungstate solutions, the question arises as to 
wdiy it slioiild be three in number and and not four, as the four vibrations of the 
tetrahedron (three of wdiich are degenerate) are all allow-ecl in Raman effect. 
There appears to be little doubt, as Venkateswaran also admits (in the case of the 
iiiolylidate ion in solution), that in solutions these ions have moie complicated 
structure than a regular tetrahedron. It was suggested by the present author 
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that the tetrahedral ions MoO” and WO 4 in aqueous solutions may have attracted 
two polar molecules of water to form dihydrated octahedral ions for reasqns 
described in the introduction of this paper. An alternative possibility of the ion 
Ixicoming a plane square ‘Ms rejected, since planar 4-covalent hexavalent 
molybdenum compounds are not known. There is a priori no reason to believe 
that the arrangement will remain identical in the solids where lattice forces and 
the process of dehydration come into play, and the fact that even in solids the two 
molecules of water persist in the molecule as water of crystallisation was taken 
as some evidence for the existence of an attractive force between the central 
molybdenum and tungsten atom and the water molecules.^ A further support 
for the octahedral structure was obtained in the experimental fact\ that the 
approximate relation, + o 1*3^ among the three fundamental frequencies 

of tlie octahedral molecule that are allowed in Raman effect ^ hol^s almost 
accurately between the three Raman frequencies recorded for the molybdate and 
tungstate ions in solution. The objection raised ' * that may never l^e eijual 
to H :] since the difference 


*1 



6(k’jhk 
^ c 


i * 
‘2 




on the basis of Nagendranath’s treatment,^ ^ appears to the i)resent aulhpr lobe 
without significance, since the value of the expression on the right side of the 
equation is not a constant quantity for all molecules, but is derived from the 
frequencies, and an approximate equality of v, ’ and (^2“ a ''3^) seem 

to indicate any more than that in the ions of these transitional elements, the sum 
of the directe:! valence coustaiit and the iutravaleiice constant is a small 
quantity. 

Alternative calculations have therefore been made here assuming octahedral 
structure for these ions in solution. Too great emphasis may not be laid on the 
exact magnitude of the forces obtained, since in coordination complexes like the 
stannichexachioridc, which have some points of similarity with the coordinatively 
hydrated ions postulated here, Redlich obtained apparently anomalous 
magnitude of the valence force. The values however, can well serve as compara- 
tive between themselves- Bright Wilson’s equations have been used, because 
the values, although a little approximate, do not differ very much from those 
obtained from Nageiidranath’s more elaborate equations (c/. telluric acid). 


Table III. 


1 

1 



; : 

/,*oi X lo 'B dynes /cm. 

Molybdate ion in solation j 

8gi i 

823 

319 

67 

Tungstate ion in solution 

1 1 

1 929 1 

834 

320 

7*1 
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The values are quite cIdsu to eaeli other with tliat for iIk* hea\'iei ii>ii sliyjitly 
greater, as iniglit be cxpeeled. It is also perhaps iiiiporlaiil lu nolo that the 
value for Mo-O obtained here on assuming the oetahedroii does not greatly dilTor 
from that obtained from the frequencies of ammoniimi paramolybdale crystal (and 
solution) by Venkatcswaran, It seems to indicate that no preci])ilons cluuige 
in the magnitude of the valence force of tlie central atom is attendant with 
the process of hydration and rearrangement of conrigiiration of the ion in solution. 
The i>rocess may be exactly similar in the case of the tungstate ion too, although 
exijerimciit d results from which similar calculations can be made are not 
avaihdde. 

Systematic studies of the is(->poly comjdexes like the para-moivl>dates and 
l>ara-tungstates, and of the lieteropoly complexes like silico4ungslic acid, etc. , ha\e 
been undertaken. Results have been obtained which are being expected to help 
lindens tan ding the structure of some of these com])lcx !)odies which are now 1)eiug 
so extensively investigated, and will be imblished in a subsequent pai)er. 

The author is indebted to Sir P, C. Ray and Prof. Ik IM. Pose for their kind 
interests, and to Dr. S. C. Sirkar foi his guidance. 
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ABSTRACT. In §i jKjuantuiii llicorv of ah.sorptidii id flt clroinagnclic radiation liv ionised 
i;a.s i.s worked out, ij) wliidi tlic clectron.s take n]> eiu-iK) ln>in the eli dric field of tlie ineidenl 
radiation and traiisforni it liy eoUi.sions vvitli ions to random motion of eleelrons and 
ions. Ill §2 the tlieorv i.s apfilied to ealenlate the opaeitv eoellieients in stellin interiorandthe 
re.sulLs are compared wi(h those ohtaineil I>v liddinjflon from Kramers’ proees.s of ah.sorjition 
for a free-free traii.sition. In ^3 the optical pro])erties of liijiiid metals are .studied from this 
Seuenil theor\ and found t(j agree fairl\ well with the ohservalions. 

I N T R O 1) U C T ION. 

The opacity of the stellar matter is mainly due to the fact that the gases 
coin]JOsiug the stars are ionised to a high degree. 80 also the ahsoridion of 
electromagnetic waves in liquid metals can Ix; explained, as will he discussed 
later, under the assumption that it consists of free electrons moving in the field of 
the ions. The view that an ionised gas may he very opaque to the exposed 
radiation has been demonstrated in the laboratory by Ander.son’ and others. 
In this experiment a fine metallic wire was suddenly made to explode by passing 
a heavy discharge through it from a large condenser as a result of which the gas, 
thus formed, emitted a continuous spectium crossed by dark lines ])roduced by 
its cooler outer portions, the presence of enhanced lines showing that even the 
cooler parts were ionised. Subjecting the gas to a radiation from another siiark 
behind it Anderson found that its oiiacity was very high. 

What is then the mechani.sm that an ionised gas may put hindrance to the 
incident radiation and become opaque ? A free electron, when encountering an 
ion or even a neutral atom may switch of! from a slate of lower energy to thfit ol 
a higher one by absorbing a requisite quantum of energy from the incident 
radiation, the reverse process being that an electron in encountering is accelerated 
in the potential field of the ion and accordingly emits a corresponding (juantum 
of energy as required by the classical electrodynamics. Ihe electron in the atom. 
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if il is not coiiiplc'ldy ionised, may also absorb energy by photo-electric process 
and leaves the ion witli a kinetic energy dependinj^ on the ainonnt of radiation 
received. The reverse process is tlie ca]jliire of the electron by the ion with 
re(piisile amount of emission of radiation- The first process is usually known as 
the al)sor])tioii or emission by free-free transition and the latter is by bound-free 
transition. ''I'he al)sor])tion and emission s])ectra as observed in X-rays are 
atti ibuted to these causes. Another niechanisni may, hovNCVcr, be i)0ssible wlie>e 
free electrons take ui» eneri’y from the electric field of the incident radiation and 
transform it by collisions with ions to random motions of electrons and ions, that 
is, to heat in a .L;as. This la'ocess lias l)cen considered to be the cause of .absorp- 
tion of radiation in metals in Driule’s reiwesenlation . \ 

The first successful theory of absori>tion for free- free and boiuid-iree 
transiti<jns of the electi on is due to l)rilliant reseaichus of Kramers.^ lomowinj-i 
classical electrodynamics Kramers calculated the jimounl of radiation eUiitted 
within a ceitain frecpiency raii^^e by an electron diiriiif; its encounter witli an ion 
and since in thermodynamic equilibrium the coefficients of emission and 
absur]»tion are connected by the well-knowm liinstciu’s relation, the coiTcs- 
pondin^\ absorption was then easily baind out. Api)lyin.ri Holir’s corrcsi)ondcnce 
l)rincii>le in a very ingenious manner he succeeded in calculating.^ the distribution 
of inlensiU in a continuous specliiim, which agreed strikingly well W'ith the 
ol)Sei vatious of Kiilenkanipn on X-rays. Insiiired l)y the success ofKiamers’ 
theory Iwldingtoii*’’ extended liis method of calculation It) invCvStigatc the opacity 
coefficients in the interica- (d stars, whicli, as mentioned, consivSts of a system of 
highly iimised gas, subject to a radiation field having the same quality as soft X- 
ra>s emerging from the deei> interior. He evaluated the ripacity coefficients for the 
absorption of radiation i)articularly l>y the processes of switching off of electron 
from one orbit to the other at enconiiters A\ith the ions, i.c., for free-free transi- 
tions, and ai)plicd it extensively in his theory ol the internal constitution of the 
stars. The opacity due to free-free transitions is no doubt i>redominanl in the 
deep interior of the stars w here the atoms arc almost completely ionised and 
hence much simj)lcr. The extension of similar calculations for the atmosi)hcres 
of the stars is liowever no simple mailer. Firstly, because of the comparatively 
low' tem]»erature the atoms retain most of their electrons and thus favouring the 
contiibutions of the bound-free photo-electric ionisation process to the o])acity and 
secondly the atoms are found to lie existing in different stages of ionisation and 
excitations.* A juoneer attempt in this direction was liowever made by Milne"^ 

^ 'riiL' ((parity of .^tcUhn- ,'itinosplK res, s])eeirilly for later type stars may also conic, as 
])uinUd out li\ rainu'kuek, fioiii Itu' intiT.'ielioii of free electrons with neutral hydrogen atoms, 
Tlie t li'etrons are supposed to ec'iiie from the more easily ioni.sed metals and tend to interact 
with Iheneulial lndn»gui at. ius rallier than with tluir own positive i(.>ns heeau.se of the rel- 
alivelv high rihundaiiee of the fornu r. liive.sligatioii in this direction is heing carried tmt iti the 
light ol the llieoi V we liave dcveloiied in the x^reseiit paper and will be published shorth \ 
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vv^ho uiauaK-'J to calculate the opacity cojlTRL'ieiits cUic to ]>lioloeledric ionisation 
of the atoms taking into account their ditTercnt stages of ionisation iiiuler the 
circuinstauces existing in the stellar atmospheres and utilised the results success- 
fully for interesting investigations about the structure and other physical proi>er- 
ties of the stellar atmospheres. Notwithstanding the great success of l^ddington's 
thef)ry, his (luantitative estimation of the value of the opacity coclTicient failed, 
however, to agree with the results obtained from astronomical observations. As 
for example the calculated coeiricieiit of oi)acity in the case of Capella n as less 
than that as obtained from the Mass-Iaiminosity curve by a factor of the order of 
ten. This discrej)ancy gave rise to many interesting s[)eculations by blddington 
and vStrbmgreii"’ as regards the almndance of different^ elements, i)articularly 
that of hydrogen existing in the stars. Tliis (liscrei)ancy together with the recent 
theory of stellar strucUnc i)roi)osed by Mi!iie^‘ that a star is composed of an 
abnormally high density core at the centre surrounded by a difluse layer of gas, 
led a number of Avorkers^ to investigate the problem afresh from the medern 
developments of PhyvSics. Ap] dying the more recent theory of continuous 
al)sorptioii as worked out by ()i)penbeimcr, (huint, S^onimerfeld, vStobbe^ and 
others from new quantum mechanics, tliey calculated tlie opacity coeiTicients 
both in diffuse and condensed gas obeying Maxwellian as well as Kernii 
Statistics respectively. In the fonner case they obtained results which are 
essentially the same as Ivddington’s, whereas for tlie latter case the result is 
not only different in magnitude from that of Hddingtoii but also predicts a 
different law for the o])acity coefficient with regard to density and teini)era- 
ture. 

In the present pai)CT we have thought of a plan of investigation of the theory 
of absorption coefficient from a standpoint different from Kramcrs-luldingloii- 
Milnc. We have adopted the third alternative jm^cess of absori)tion as 
mentioned aljovc. In this j)rocediire we calculate tlie absori)tioii coefficient 
from the study of conduction in the ionised gas with the help of the idienomeno- 
logical theory of Maxw-ell. It further allows us to calculate tlie refractive index 
of tile system. Such a tlicory of alisorption was" originally cleveloiied by Drude, 
Lorentyc and others in connection with the free electron tlicory of the optical 
properties of metals. A rigorous theory lias been lecxmtly worked out by 
ICronig/'^’ and others with the hefi) of quantum niecliaiiical coiieejitiuns and yielded 
results ill agreement with the observations. The idea of calculation of opacity 
from Drude-Iyorentz theory was contained in a very suggestive paper of vStew'urt 
in 1922 and has been revived again by Kothari ^ ^ and Ilmid in recent years. It 
will be interesting to calculate absorption as well as oiiacity coefficients from the 
analogous quantum mechanical procedure of Kronig and then to compare the 
results with those derived from Ihe Kramers-Kddingtoii inechanisni. Ti'he ojitical 
properties of liquid metals are also calculated and shown side by side for a better 
understanding of the nieclianism of absorption under ([ucstion. 
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In the lirsl article a general niatheiiiatical theory of absorption is worked out 
in a system of ionised gas, subject to an external field of radiation. In the second 
article the theory is a])i)lied to find out the opacity coefficients in the interior of 
stars and the results are discussed in reference to the absorption theory developed 
by Kramers, ICddington and others. In the last article the optical properties of 
Hcluid metals are worked out. 


M Til P M A T U' AL !■' O R M U I, A T 1 O N O !■' T II U PROULKM. 


Si. Let us now come straight to our problem. We have got a system of 
gas mixture consisting of ions and electrons which are detached from tne parent 
atoms either by temiieraturc or by pressure and subject to an externa\ electro- 
magnetic field of radiation. The resultant change in the distribution function / of 
the electrons, due to electric field of radiation as well as to the interaction between 
the ions and electrons, assuming no energy being interchanged between them 
during the process, is given by the usual lloltziuann’s ecpiation 


PI J 9 / 


dt 


at 


'field 


\ ® ^ /collision 


... (i) 


Or, writing explicitly we obtain 


P '' kF + V'' o/ +\\\w(kk0[/(k)-f(k01 dk/dk,/dk/ = o, .. 
O I VI O.v It Ok J J J 


(2) 


where the group-velocity of the electron is given byT= k, k being the wave 
" 1)1 

vector. 


The total I^oreiitz force F acting on the electron is given by 


• = ^ ] ; ... (3) 

c 

but we have neglected tlic force due to the magnetic field H of the incident wave, 

which is of the order of ' ^ compared with that of the electric field and hence- 

c 

very small. 
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W(k k') denotes the probability of transition of the electron from a state k to 
the state k' and the intensity of the electric field is 

n-Kor’“* . ... 0,) 

where v=-~ is the frequency of the wave. 

'27r 

To solve equation ( 2 ) we put 

/=/o ^‘/i , /i « /o ••• (5) 

/o, the Fermi distribution function without the field, is Riven in usual notation, by 


/o^ 


... ( 6 ) 


T f:/feT ^ 

- C ‘ + T 

A 


For /i, the distribution due to perturbation, we assume 

k,rXlk), 


... (7) 


where x(k) dei)Ciids only on the niannilndc f)f 1 : but not on its direction. Fnrlher 
let us introduce the time of relaxation r as defined l)y 


9 / ) = -(l 

9^ /collision 


... ( 8 ) 


whence we obtain on substitution of ( 5 ) in ciiuation ( 2 ) and with the help of ( 4 ) 
( 6 ), ( 7 ) and ( 8 ), 

^ m 0 K y A 0 .T T 9 X y tn O r 

If we assume that the system is homogeneous and there is no tempeiaturc gradient 


we 


e must put ® - and equal to zero, so that the etiuation (q) is reduced to 

9 .r o .r 


( I + J w)x + ^ - O 

m o I- 


... (in) 


givmR 


x= - 


eh - 9/0 

m n <•: 

I 4' iWT 


... (it 
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Haviiif; thus obtained x> wt can at once find /i from (7) and hence tlie cm rent. 
We thus obtain the current 




V Jdkrdkpdk. 


l('> 7 rc*'^( 2 my^ .. 

3/r^ 




o’ 6/n 


. (A “ iu))clr 




(X2) 


wlicrc A — ^ = Ihu luiinbcr of collisions per second. 

\ 

Now to calcnlale the abson)tion of the incident radiation we conh)arc our 
ex])ression for current with that as ^\vcn by the phenomenological theory of 
Maxwell, which runs as follows 


I^.=rrlJ+— ~ — - iwlv 

.'[IT 


... (13) 


where (r, the conductivity, and the dielectric constant of the mediinn, are 
connected with the extinction coelhcient k and the refractive index as 
follows : 


,,2 ^ ,.2 -- 

/A k — t 


fXK — 


fi4) 


The extinction cfreflicieiit k is here defined as such that the intensity of the 
wave after travelling throipeh a distance — — wnll be diminished to ^th of its 


27 ro)K 


orij^iual intensity. 

From (le) and (13) we obtain, 


A2 + 0.2 


.. (15) 


- 1 _ 

4- 


-P 




(P- 


3^ 

A^ + 


... (16) 


l6!rc®(2Hi)- 




... (17) 
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which when substituted in (14) give* us the extinction coeflicient as well as the 
ref 1 active index as follows : 


fL^ — — X — 4n-P 


j 


“a £<^: 
d t-- 




(tS) 


and 


JilK — 


P 


I 


9/0 

A- I . 


A(ir 


(lu) 


T. The Olmcily Cocffiricnis in Slcllat Inlcriot, 


§ 2. The opacity cocHicient, i.c,, the mean value of the absorption 
coefficient taken over all frefincncics alter the inetliod of Rosscland is dellned 
by 


00 


K = 




3lv 

3f 


dv 



ai,, 

dT 


dv 


(20) 


where 1^ is the intensity (jf Idaek ho ly r.idiation nnd, is .niven by Plaiu'k’s fnnnulci 


1 = 


lb.' 

/;v///r 




Hnli 


(:;i) 



(22) 


and Kj,, the mass absorption coefficient, i.c., the aI)sori)tion coefficient per gram 
per sq. cm. is connected with our extinction cf)efficient by the relation 


k 


V 


/] 7TKV 

cr 



(23) 


the factor / giving the influence of the stimulated radiation, 

With the help of these formulae we now proceed to evaluate the astro- 
nomical opacity coefficients. 

3 
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At the beginning wc nnist have an ex]>ression for A, the cbllision frequency 
which is involved in the integrals (iK) and (iq). Wc assume a general potential 
field between the electron and the ion of the form 


V(r) 

) 


(24) 


\vli(/rc Z is the iiuiiiher of free electrons per atom and h the so called screening 
constant uhicli L-ives the effec't of the interaction of the other electrons and ions 
and is only a small fraction of the average distance between the ions. With 
this value of the potential field, the expression for A can be obtained as^!^* 


A 


_ rZ" ( ■' a*.] 


whei ( 


J-=log (Z'l-i) 


/ 

/ + 


I' (25) 


(26) 


/ - -^7;"' ... (27) 

— ... (28) 

0 

h'or ordinary stars ((bants and Dwarfs) where the electrons arc distributed 
according to the Maxwellian Law, w'e obtain from (18' and (ig), after integra- 
tion, provided ^ 
ro 


9 



nc 




nm 


f>-m »Un 


(29) 

(30) 


* It may bt* interesting to calculate the opacity roeflicient for the radiative resistance, t.f., 
for tlu' reaction on the elcctmn due to its own radiation. Wc obtain in this case dlso an 
analogous A, the collision term, given by 

• ^ e2 

yin 

Following a similar method as indicated in the text it can be easily verified that the absorp- 
tion coclficient i® independent of the frequency of the incident radiation and we obtain f6r the 
opacity coclticienl 


3 ni2 r* ju will 

XI is just wind we would nblaiii from Thomson’s scattering for free electrons, 
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and 


at*'* z“ n ' » 

j- 

3 (arr mkTY^ 


C 




C 


where 


2,{27!mliT)^ v'^ 

/t)=density 

jfi„, “tlic mean niolecnlar wei^lil of the stelbi material 
A— the atomic weight 
nnr-mass of the liydro^^eii atom. 


The function Hi being defined l)y 


X) 


j 


— M 


-r4(-/i)-i " du 


(31) 

(32) 


(33) 


••• (3-1) 


k 1 « 


••• (js) 


The function is tabulated ill Jahiike-haiide’s Fiiiictiojieu ^J'afehi, pp, 78-^6, 1033, 
and has got the following limiting values : — 


— lii —y H- log^j H-/f— I for^:) small 


and -Hi(-'P)=rc ny ~ 


(3b) 

for/ilarge ... (37) 


where 


y “ liuler's constant = 0 577 




In the case wc are considering, 
and we therefore obtain 



1 

kTa 


is small as can be easily verified 


G=log (kTu)-y-i ••• (39) 

For the white Dwarf stars where the electrons are in a degenerate slate oI>eying 
the Fermi Distribution Daw, we are concerned only with the value of A ff»r 
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Putting A„ for that value of A, vvc oI)tain from (i.S) 


and (19), for ^^' 




7 TlUf * mftluV ‘ 


aiKl ///V = , ... (41) 

3 v* 

= - e'-'n Jo I ( ) 

where Jo is the value of J for 

No\v as the evaluation of k from the equations (30) and (32) or from (40) 
and (42) and the consequent evaluation of the Rosseland mean of the resulting Ki/ 
are very complicated we shall be content with working out of the opacity coefficient 
under the assumption 


* We ran obtain at l(‘ast a (lualitativr cstiniatifm of the value of /jl a.s well as of llic 


inagihtiule of 


if we remember that in taking tlie Kosselaiid mean of a quantity depend- 


ing on frc tjiK iicy almo.sl all the CLUiti ibiilions come from a region \er\ near about a value of 

s//r 

p ^ •’ 

h 

We thus obtain from (25) fc)r ordfnarv stars whore € = iI/v‘T, 

(aV , '’^1' ^ ... («) 

\"/ .s..r^' nv- "In AT‘I ATf 


Al.so, for wliito Dwarf stars, we have 


/ Ao \ .Wm.-J 
\ a /■' 15/1*/, T 


“ = l'3 lo< 


Again from (31)) and (40), we obtain for ordinary as well as white Dwarf .stars, 


(lU//2p 

257rniiu„.uj|ik2T2 


T — 4 4 I O'' 


Imrther fnmi (32), for ordinary stars, 

~‘VG r-Vc; 

i25t27rj/z)‘; A^mTi A^t«Ty 

and from (42), for white Dv^arf stars, 


<1 "VJo = 3 'Q J013 . _ t 

izs^nnk^ A'P AT^ 
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We therefore obtain from (32), {^2) and (23)) 
for ordinary stars, 

3.c{27rmk'ry- 

and for white Dwarf stars K — v (^ 7 "'//'’ I 

Ur, taking Rosselaud mean, for ordinary stars, 


(.|S) 


l)... (,|9) 


8jrf'’z^pU 

k — 

3 f(aa'j);/rT)'-^A);(Ma„ 


f 


0 I,, 

ar ‘ 


h' 


3 . (.''"/'■■■‘'-I)’"' 


(50) 


Now since 


and 


a Tv 

Jo 


_ 15 f A T \ „ 

d-' - 


dv - U ! li. 


The refaiilts obtaiued al Die ecjitre ttf the dif/creiit stars are^tabulated bL‘]o^v : 


I 



{■-) 

M 

K 

G 

Sun 

6 -f 5 10"^ 

I 

2'A TO « 

1 * 

3'2 

Capella 

6-0 io“*'‘ 

I 

1 1-0 

1 

67 

Model Giajit Star ; 

j*oi io "4 

I 

1 

1 2 ’3 io‘"io 

6-2 

Model White Dwarf Star 

g-y io'2 

'07 

1 

1 Jo“'i‘4 


In the above calculations, the Sun, Capclla and white Dw^arf stars are taken to be com- 
posed of completely ionised iron atoms so that ;l'= 26, A = 56 and ^™2*i ; whereas in Die case of 
model Giant stars we take = 25, A —50, A* j y. Wc thus obtain /wi for the ordinary stars 
and iu'^'07 for white Dwarf stars. T'he opacity coefficient obtained for white Dwarf stars under 
the assumption /u^i should therefore be divided by '07. 
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2 ’ 


= T'oS2 


( oo oo 


=* 1*027 


we obtain finally, 


,\7r /fj 1 T 

r(27rn/)^A/niV,r, l^-^T ^ 


— l’4 . 


For the case of completely ionised iron atoms, 


K = cS-o lo 


2. 


(51) 


••• (52) 


Similarly for stars of white Dwarf type we obtain 


Srr /i| 


^Jo 1 


• /io hcAmu^ 


pr. - JO 

• A']'^ 


(53) 


( )r, for while Dwarf stars comiiosed of completely ionised iron atoms, 


II. Ja 


The opacity coelhcients obtained for different stars are as follows"’ 


^ It mas he pointeii out tliat almost similar results could ab'o be obtained directly from 

(23) bv sub.stitutiiii^ K — ^ and takiu]^ the value of < as tabulated in the foregoing 

« 

footnote. 


We thus obtain 


K = =‘7''’ (I-.-R) "I =- 43-- 

clt p P 


(ss) 


be, ‘S t* v^, i‘5 for Sun, Capella, model Giant Star and model white Dw^arf 
Star re.si>ectively. 
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Name 

1 I 

1 Opacity Coefiflcii nt (K) 

i Opacitv from pddington’s 


from our result S 

1 result. 

vSun 

••ifi 

■07.1 

Capella 

■ 3 <> 

‘022 

Model Oiant Star 

•63 


Model White Dwarf Star* 

1-3 

.VI- 


Coiiiparin.1!: these results with those ohtaiiietl from Kramers-hicldinyloii 
inacliaiiisni, \vc find tliat llic present inelliod yields a larger value of tlie oi)aejly 
coefficient in stars consisting of non-degenerate electron gas while in the case 
of degenerate gas a smaller value is obtained. I (With ‘07, haldington's value 
for the model white Dwarf star becomes much larger than that in the table.) 
It is to be particularly noticed that the value of the opacity coefficient in 
degenerate gas as obtained iji the present i)aper does depend, though slightly 
on the density (logarithmic) in contrast to the value obtained by the t)revious 
workers, which w^as independent of density. 'l‘he present method of treatment 
has the advantage of taking account of the ellccl of a screened coulomb potential 
field on the opacity, which ])lays evidently an imporlant role in a system of ionised 
gas having a comparatively high density as we are concerned with in our iiresent 
inoblem. It wull be interesting to develo]) the present method of treatment to 
find out the relativistic opacity c'oeflicient in degenerale as W'oll as in non- 
degenerate electron gas system. This we liojje to undertake in a subsequent 
work. 


Jl. llic Optical Piopcilics of liquid Metals. 

§ 3. The explanation of the properties of metals considering them as 
made up of electrons and ions was, though initiated by Drude and Dorentz, 
only recently revived by Pauli, vSommerfeld, Bloch and others by incorpora- 
ting ciuantum mechanical conceptions and i)ostulatiug that the electrons obey 
the Fermi statistics. They assume thereby that the electrons are in a periodic 
potential inside the metal due to the lattice structure of the ions instead of being 


The value of the opacitv en( fi[i( ienl ohlained from (54) is lu re tlividefl by ‘07 fis mention- 
ed in a previous footnote 

I Though there is a sligljt uneeitainh in evaJuating 1 >, the .seneniug eojistanl which is 
inv( Ived in (jur eakulatieii, the order (ft its magnitude whit h we have assumed, is eoriect as 
can be easily verified from the application of Dehye Iliiekel’s tluor\ or from tire njetlu)d used 
by Chapman (S. Chapman, M. N. p A Js , 82 , 202, 1 ^) 22 ). 
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free in Drude’s sense and calculate llie conducliou, etc., which are in reasonable 
agreement with the experiments. But tlie ]n'0[)ertics of tlie metal when it is 
healed till it tnclls are not yet definitely understood. In one model’ it is assum- 
ed that the lattice structure is still retained even when the metal melts and 
although this explains fairly satisfaclcaily the phenomena of conductivity hi some 
liquid metals in relation to solid slates, it fails to account for the temperature 
dependence of comluctivity in other liquid metals- In the second modeP''^ it is 
assumed that liecausj of relatively high tumperatuie in a liquid metal the regular 
distribution of its ions in the form of lattice is not maintained vSo rigidly and the 
metal behaves in tlie extreme case almost like a gas mixture of electrons and ions 
distrihnted at random, the electrons still obeying the Fermi statistics. The inter- 
action between the electrons and the ions is, in this case, considered pmctically 
elastic, the- interaction potential being given by (2^1). The conductivity calculated 
in this model comes out practically indepeiident of Icmpei aturei which is\iii fact 
the case for the majority of the licjuid metals. These h\o models evidentb^ repre- 
sent the extreme cases of reality, the former one being perhajis valid near the 
melting point, and the latter much above this. 

The X-ray investigation of the distribution of ions in liquid metals, how- 
ever, definitely shows that the periodicity of the lattice ions does not exist at dis- 
tances of the ordei of mean free path of the electron and electron can be assumed 
in a first approximation to mo\'e in the field of irregularly cHslribuled iou groups. 
'I'his model of Iluid as first suggested by Debye and Menke'^' has been thoroughly 
investigated by Schubin.^' He finds that the Ligeiifunctioii of the electron 
though diriciciit from a ]danc wave is distinctly non-pi. i icdical and the electron 
behaves, at least so far as the absorjition of an c'lecti omagnetic wave is concerjied, 
just liku free electrons absoi b.ng radiation of any liaqiieiicy in a poteiitiLil field of 
the lype (2^1). We shall therefore apply oui calculation of i 1 where will be 
given by Fermi statistics to estimate the absorjUion as Avell as the refractive index 
in liquid metals 

We thus obtain from (iS), (ig) and (17) after integration, 



7nnv‘ 


I + 


qTT-V 


(5b) 


^ U ih tiulintiiined that the atoms in a liquid metal vibrate about slowly varying mean 
]>osili’ ns with a frequeney p \. ami the change of resistance on melting can ])e accounted for by 
tin* change in atomic frtqucncv of the solid metals. 

t The slight tcinpcTaturc dependence of conductivity is, however, due to the thermal 
expansifui (^f the liquid crystal. 
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and 


fiK~- 


3/1 


I -f 


A*? 

4^^ 


(57) 


where is the number of ionised atoms in unit volume and A^ and are the 


values of A and J respectively for e — t nux— ( — ) of the Fermi distribu- 

i>ni \ 7T I 


tiou. 


We j^et 


A J(|£: o-(i 1 -IT 

Ao = r ^ ■= 8 8 

3//* 


and 


Jo = lo- (/(.H 1)- - ; /o-38‘2 

o beiim the average distance between the ions, 

U^e can further express the above equations in the form 




5'4 10^ 


flK 


( 1 4 - :!*2 10^ z 

- 

(l+2'2 Jo''c*J(>‘A'^)A 


(58) 

(59) 


^60) 

(6i) 


wlure r is the density and A the atomic weight. 

Fel us mnv compaie the results, calcuhated from (60) and (61) with tlie values 
obtained by Kent ' cxi)eriineutally. The comijarison is shown in the following 
table : — 


Metal. 

Wave-lcngtli 

— K^) 


2/ix/f 

ZfXH 

A in 


calciilaliLd, 

rcxpL 

calculated. 

Mercury 

579 

i6*7 

im 

14 a 

J2'4 



15-2 

9'9 

12-3 

ii'4 


404 

g'2 

(v^ 

5'« 

,S-« 

Lend 

579 

74’8 

7 '^ 

22 ’9 

iyi 


5^1 ^ 

i4'5 

7-(> 

20' 7 

8'4 


404 

Tl*2 

4-5 

T2.T 

4*5 

Cadniiuni 

1 

1 579 

35*7 

i Jf»7 

80 

lyi 


549 

2 yi 

! l‘)\S 

! 7-4 

I 2 ’J 


40/I 

12-5 

1 9-y 

27 

6 1 

Tin 

579 

26-7 

I 87 


lo-g 


546 

^'5'5 


18-4 

rn*(j 


404 1 

11 

1 5-5 

1 

5' I 

Ri.sinuth 

1 

579 1 

97 

1 6-1 

1 

1 197 

ji-R 


54^> j 

Q-2 

! 6'f) 

i iS'O 

II'O 


404 1 

1 

7-0 

! 4 ’5 

1 

i ij'« 

i 

9*4 


4 
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Taking into consideration of the uncertainty introduced by the screening 


constant b, which \vc have taken for the jnesent case b = ~- , the 

6 


agreement be- 


tween the theoretical and tlie experimental values may be said to be fairly satis- 
factory. Fuiilicr, we have ad hoc assumed the number of free electrons per 
atom to he equal to the number of VUlency electrons, which also does not seem to 
be cpiite correct. The agreeiiiciit of these values with the experiments, however, 
adds a genuine support to the astroidiysical theories which we have applied 
particularly to the state of matter in white Dwarf stars. It further suggests the 
interesting fact that the state of matter in white Dwarf stars is like\ that in 
molten metals much above the melting point. \ 

It is a great pleasure for me to acknowledge my heartiest thanks to Drs.\ R. C,. 
Majumdar and D. vS. Kothari for their contiiuicd discuss-ons and vi,luable 
suggestions and to Profs. M. N. vSaha and vS. N. Bose for their kind interest and 
encouragement. I ajii also grateful to the authorities of the Bose Research Insti- 
tute for kindly permitting me to carry on the present investigation in the Institute 
and to the Director, Dr. D. M. Bose for the interest he has taken in my work. 
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STRUCTURE OF AROMATIC COMPOUNDS, PART IV * 
SPACE-GROUP AND ATOMIC ARRANGEMENTS IN 
PHLOROGLUCINE DIHYDRATE 

By K. BANFRJEK, D.?c. 

Kcud er in Physics, Dacca University 
AND 

RAJIUDDIN AHMAD, M.Sc. 

--- ■ - ■ (Ki’ccfvt’J /oi /imr .’3, /Qj.S',) 

ABSTRACT. An atialv.sis of phloroftliviiu- ililiydiaU' l)v X-ravs is di scrilitd. Tlic aKiiil 
Ifnglhs arr n(i=(i‘8o, f)()=8‘io3 and C(j=i.V7o in AiiKslioin nnils. The o fc Z plane s arc alisciil 
when fc+Z is odd and hoi planes aic ali.sciiL wlicn 111 / is odd. So the spaee-j^Tonp is I),|^ 
P n n in. 'I'he density of the eivslal is found to )h‘ l-,u;l ^ins. pei e.e., hetu'e Ihi re iiie.i 
inokenle.s per nnil cell. Molecular orieiilalieni in the er\.stal lattice is deUTinined from 
con.sideratlons of magnet ie anisotropy and .space-groii]). 

Phloroglucinc dihydrate is a compound in which three hydrogen atoms of a 
benzene ring are replaced by monovalent Oil groups in symmetrical positions, 
and there are two molecules of water of crystallisation per molecule of phloroglu- 
cinc. It has the chemical formula CcIIsiOH).), 2(1120). From the crystallo- 
graphic descriptions of this substance given in ('.roth’s Cliemische Kristtillo- 
graphie, Vol. IV, p. 89..., it belongs to the orthorhombic bipyramidal class with 
axial ratios. 

a:h:c=o'826T:i:3'4i72. 

Crystals were obtained from a solution in alcohol, and i»() 10) and the ( (ooi) hices 
were found to lx; well-developed. 

'The cell dimensions were determined by rotation photographs about the 
three crystallographic axes in a cylindrical camera of diameter 8-4.i6 cm. which 
was callibrated by powder photograph of an aluminium wire. Copier K„ 
radiation from a Hadding tube was used for the purpose. I he following values 
were found for the axial lengths : — 

ao=6‘79-^, 6 o = 8'1oA and Cu = T 3 ' 7 o^. 

The density of the substance was determined by Retger’s suspension method 
from a solution of zinc sulphate in water and was found to be r3g4 gm. pei c.c. 
and hence the number of molecules per unit cell comes out to lie 4. 

* Couinitiiiicatcd by lliti Indian Pbysiuiil - 
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Oscillation photograph about a and b axes were taken, the range of oscillation 
l)eiiig ID*’, The reflecting planes were identified with the help of Bernal’s 
chart. ^ The results are given in the tables I — III. From an examination of 
the list of reflecting planes tabulated there it will be seen that o k I planes are 
alisent when k + 1 is odd and h o I planes are absent when h + l is odd. There are 
no other systematic absent iflanes. Hence the s])ace-group is Piinm. 
The total number of symmetry elements possessed l)y the crystal is 8 and there 
are 4 molecules jier unit cell. Hence corresponding to the above space-group 
each molecule must posse.ss a plane of symmetry jiarallel to either (om) or (010) 
plane. ' 


Table I. 
Axial riaiies. 


TiulicL’S. 

T^sliinalccl 

IiilcTisity. 


Indices. 

IvstiiiKited 

Intensity 

004 



W 


()o(j6 ) 

VW 

( 



VvS 


0.>() 

VW 

(.k>8 



MvS 


040 

VW^ 




vS 


.iOO 

MS 




8 


400 

VS 

0(1(14) 



lUW 


()00 

MS 

1 

i 


Table H. 
Prism Planes. 


Indices. 

Pyslimated 

Intensity. 

! . “ ' 
i Tndic'C'S 1 

rCstiinatcd 

Intensity. 

013 

VS 

01(17) ^ 

MW 


s 

022 

S 

017 

vvw 

0.24 

MS 

0J9 

8 

o :>6 

W 

OT(n) 

MW 

oa 8 

]M 

01(13) 

VW 

02(10) 

VW 
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Table II {contd.). 
Prism Planes. 


Indices. 

Ksti mated I 

Intensity. I 

Indices. 

J(stinialed 

Intensity, 

' ; 

w j 

oSi 

MS 

(>2 J,l) 



W’ 

(131 

s 

08(10) 

w 


vs 

ogi 

w 


s 

093 

w 

039 

IMS 

095 

vw 

o 3 <ij) 

W 

097 

vw 

03(13) 

vw 

o(]o)2 

w 

C42 

M 

()(io»4 

vw 

044 

W 

lOl 

M 

046 

W 

103 

VW 

048 

MvS 

105 

VW 

04(10) 

VW 

J09 

MS 

04^12) 

MS 

JO(ll) 

MS 

051 

M 

202 

VS 

053 

W 

204 

vs 

055 

MS 

206 

w 

057 

MS 

2 oH 

w 

059 

VW 

2o(jo) 

IM 

05 (3 j) 

M 

20(12) 

MW 

05(15) 

vvw 

20(16) 

VW 

066 

MS 

307 

- VVW 

06(10) 

MS 

30(11) 

s 

06(12) 

VVW 

402 

w 

071 

w 

404 

MW 

077^ 

vvw 

406 

MW 

079 

vvw 

408 

w 

07(11) 

w ■ 

40(10) 

M 
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Taule II icontd.). 

Prism Planes. 


Indices. 

Ivstininletl 

Intensity. 

y; 

0 

*’6 

Kstim^ted 

Intensity.' 

40(12) 

W 

no 

s . 

1 

J\I 

120 

.s i" ‘ 

1 

.so(i.n 

II * ■ 

2 1 0 

MS "" 

602 

M 

220 

WW^ 


VW , 

230 

vs \ ■ 

608 

vw . 

320 

vs ' 

60(10) 

vvw 

330 

s 

60(12) 

MS 

340 

w 

802 

VW 

440 

MS 


Tawe III. 


General Planes. 



' Indices. 

Estimated 

Intensity. 

11(13) 

w 

11(15) 

W 

ii(i6) 

W 

11(17) 

w 

121 

M 

122 

i vv 

123 

M 

124 

S 

125 

S 

^126 

MS 

*ll 27 

M 

129 ' 

vvw 
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General Planes. 
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Indices. 

I I^vstiiimtcd 

! Intensity. 

12(10) 

VW 

12(11) 

W 

12(12) 

W 

12(13) 

W 

12(14) 

VW 

12(15) 

VW 

12(16) 

W 

12(17) 

VVW 

13 1 

8 

132 

S 

133 

S 

134 

w 

135 

8 

136 

8 

137"'' 

VW 

13<S "i/' 

W 

X 39 

W 

13(11) 

VW 

13(12) 

VW 

13(13) 

W 

13(14) 

W 

13(15) 

VW 

Ml 

W 

142 

W 

M 3 

8 

M 4 

8 

M 5 

MS 

146 

MS 

M 7 

M 


Indices. j 

Ksti mated 
Intensity. 

148 

W 

M9 

W 

14(10) 

VVW 

14(11) 

W 

14(12) ^ 

VW 

14(13) 

VW 

m(m) 

W 

151 

W 

152 

W 

I.S 3 

W 

154 

MS 

15.S 

W 

157 

W 

158 

INI 

15(10) 

VW 

i 5 (m) 

VW 

361 

MS 

162 

MW 

163 

W 


w 

166 

MS 

1O7 

M 

3()8 

W 

16(10) 

VVW 

16(11) 

VVW 

16(13) 

W 

171 

VW 

173 

VW 

174 

VW 
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Table III icontd.). 
General Planes. 


Indices. 

Hsti mated 

Estimated 

Intciisit V* 

Intensity. 

179 1 

VW 

VW 

i «3 

VW 

M 

t8/1 

VW 

iviis 

iS6 

VVW 

w\ 

i8() 

VW 

wW 

\ 

1LJ2 

VVW 

w \ 


VW 

w 

n )4 

W 

w 

195 

W 

VW 

igf) 

VVW 

M 

jy7 

W 

s 

1 (10)2 

VW 

w 


VW 

w 

21 I 

s 

INIS 

212 

vs 

MS 

213 

VW 

VW 

21.1 

MS 

VW 

216 

INIS 

INI 

217 

M 

w 

218 

MS 

VW 

21 (10) 

MW 

MS 

31(13) 

W 

S 

31(14) 

VW 

w 

21(15) 

* VVW 

MS 

221 

S 

VW 

222 

VW 

W 

223 

VS 

MS 

224 

W 

W 

225 

W 

MS 
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TabIvK III {contd.). 
General Planes. 


Indices, 

rVstiiiiated 

Indices. 


Intensity. 


253 

VW 

335 

31 1 

MW 

33^' 

3T2 

]M 

337 

313 

W 


31-1 

W 

33') 

3 VS 

MS 


3iti 

MS 

33 (>') 

3^7 


33 (* 2 ) 

31 ^ 

V^'W 

3-11 

31 (in) 

W 

3-12 


MW 

3' 1 3 

31 fi:l) 

VW 

311 


VW 

3-15 

3 > (m) 

vw 

3.1'» 

3-^ 


3]7 

3‘!2 

vw 

3 1« 

3 VS 

W 

3'1U 

3-M 


3'l()‘') 

323 

w 

31(11) 

336 

MS 

3^1 (>2) 

327 

w 

3.SJ 

32^^^ 

vvw 

352 

32*5 

vw 

353 

32(10) 

vw 

35'1 

32(12) 

vw 

357 

32(15) 

w 

35« 

331 

MS 

3.S9 

332 

IM 

35(11) 

333 

MS 

35(12! 




KstinialtHl 

Intensity. 

W 

M 

MS 

v\v 

v\v 

v\v 

vw 

W' 

\v 

w 

M 

MW 

VW 

VVW 

vvw 

VW 

\^w 

vvw 

vvw 

vw 

vw 

w 

vw 

vw 

vw 

\^w 

vw 

vw 
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TauJvU III icotiiii.). 
(iciieral Planes. 


Illtlicfs 

Ivsiiiiintfd 1 

Tiitciisit\'. 1 

liidifcs. 

Estimated 

Intensity. 


MS 

MS 

w 

’/i-} 

\'W 


vw 

:/>i 

vvv 

'139 

vw 


M 

■1.1(11) 

v\\; 

j/ir> 

MS 


v\ 

.V '7 

IM 

Mil") 

MW\ 


vw 

31 1 

IMS 


vw 


vvw 


vw 

.Si‘l 

W 

Ml 

vvw 

313 

W 


vw 

319 

w : 


\'W 

S17 

vw 

411 

1 \IW 

3 ^ (I'O 

vw 



.SI (ij) 

IMW 

MS 

:\IS 

SI (i.U 

VW 

‘11 1 


S’l 

W 

‘119 

W 

3 ' ■ 

VW 

,'l 1 flJ) 

vvw 

3 M 

VW 

■11 (i;>) 

VW 

323 

VVW 

^11(15) 

vw 

326 

MS 


w 

3 ^« " 

w 

•I-' ; 

W’ 

32(11) 

VW 

1 

MvS 

32(13) 

VVW 

'I^S 

w 

331 

w 

.l-^s 

W’ 

S 3 2 

VVW 

12 ( 1 - 1 ) 

vvw 

539 

VW 

■131 

w 

335 

w 

■I.!'--? 

IVIW 

337 

w 

‘133 

IMS 

c;^fiT) 

w 
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Tahi.h III iconid.], 
(General Planes. 


fndire.s. j 

Intensity 


gstiniali 
hilt iisit' 

Mi 

\’W 

'u;, 

:\iw 

()i 1 

1 

\ VW 

1 ; 

W' 



i ' 

VW 

() 1 iS 

VW 

■/i;. 

VW' 

6^a 

VVW 

7 j6 

MW 


IMW 

7 ' 7 1 

j\l\v 

62 j \ 

W 

7 iS 

MW 

(27 



VW 


V\^W 


VVW 

631 

VW 




From the iiicasuremenls of the inagiictic sitsceijlil>ililies of this crystal 
J. Bhattacharjee® of this Laboratory conics to the coiichision that the i)larK of the 
benzene ring should be very nearly parallel to the 103 plane, hVoni tlie sjtace- 
group and the number of molecules per unit cell we sec that the ocji j)lane must 
be a plane of symmetry or the normal to this plane should l)e an axis to sym- 
metry. In the case of nictadinitroben/enep^ it lias i>Pen loiind that llie molecule 
has a plane of symmetry. This shows that substitutions in tlie nieta positions 
are symmetrical with resjiect to a i>lane normal to tlie benzene ring and bisecting, 
it. In the case of phloroglucine w^e may imagine a similar i)lane liisectin.g the 
benzene ring”and containing one of the OH groups and from analogy wdth meta- 
dinitrobenzeiic this plane will 1 )e a plane of symmetry of the molecule. vSiiice the 
benzene planes arc nearly iiarallcl to the (loo) face, aud due to the glide plane 
parallel to (010), we have a double layer of molecules of phloroglucine ])arallel to 
(100). The length of the a-axis is 6’8oi, which is double the thic^hness of the 
benzene ring and hence it is not possible that the molecules lie 1>et\veen the 
phloroglucine planes; it is therefore, very natural that the 1I2^ ^ molecules lie in 
the same planes as the phloroglucine molecules. 1 he arrangeinciil of the atoms 
parallel to the (100) face are shown in figure 1. The dotted lines shuw the 
positions of the atoms in a layer which is about 3 ’4 A. above the layer sliovMi in 
continuous line. 



258 


K. lianerjee ami R, Ahmad 



The positions of the Ilof ) molecules arc only tentative and are obtained only 
from considerations of the molecular dimensions and the size of the unit cell As 
it has not been p()ssil>le to get any idea about their orientation they are rein'cseiit- 
ed in the diagram as large circles, while the carbon atoms and tly,* ( )H groups are 
represented by small and jnediiini circles revSpectively. 


R le 1' Iv R !•: N C H S 


1 Pi(h\ J\oy,Sof., -I 113, T17 (ig’6l 

I 'iiinihlishfd (lain, • 

^ lUittl, JC. iiud Schneider, K,, Pfiyi. Chem., /?, 7, iSS (igyd. 
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ON THE ELECTRONIC CONDUCTION DUE 
TO 4/-ELECTRONS IN SOME TRIVALENT 
RARE-EARTH COMPOUNDS 

By KRISHNABADA GUOSl I, 

Lecturer in Physics, Scottish C.hurch C\)lle^c, Calcultn 

AND 

BONBLUARI GHOSH, M Sc. 

{RccAivcd lur publication, luuc ^7, k;jlV.) 

ABSTRACT. 'I'he conductivity of fluorides ot Dri, Cc, IV, :ind Nd in the form of line 
crystals has been metisured by coiiiprcssiiif.^^ them to tJie form of solid riiij^s placed between t\No 
co-axial cylindrical electrodes. Takinj^ lanthanuni fliKa-ide as standard and siiblractini.^ the 
conductivity of lanthanum fluoride from tliose of ot)u‘r fluorides, tlie cuiitribnljon to conducti- 
vity due to 4 f-electroiis has been determined. Using a forinula siniilni to that of Wilson for 
.semi-cojiductors, it is found that All' calculated from the measun'ments agrees ap])roximateh 
with the over-all width of the mulliplet structure of the free ions of these elements us t)btaineil 
from magnetic and .spectroscopic data. 


IN TR ODTTCTTO N. 

Thu ijliciioiiiciion of conehictioii of educlricitv tliiougli solicit (jim ticuhirly 
through crystalline substances) lias been siilijected to many matheniatical ami 
experimental investigations during the past ten years and almost all the funda- 
nienlal principles underlying the phenomenon aiipcar to have been discovered. 
The case of a single crystal of simple structure is easily amenable to matlieinalical 
analysis. Tlie mode of analysis consists in regarding a single crystal with its 
family of atoms and electrons as one dynamical system. The electrons belonging 
to this system are supiiosed to move in sjialially periodic or cjuasi-periodic field 
of the lattice. This periodic field of the lattice i.s not permanent ; it is disturbed 
by the lattice vibrations resulting in scattering of the electrons. In the simplest 
case of stationary periodic field, Bloch ' lias sliowii that the energy ol electrons 
in the lattice is divided into groups of levels separated by forbidden zones of 
disallowed energy in the space of reduced wave vectors or the /; -space. 

Thc.se groups of allowed energy bands in the /.‘-space have been investigated 
by Brillouin* in crystals of various structures and are called the Brillouin-zones, 
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llic dislriluitioii of uleclrons in Ihusc y.oiR'S at tlic absolute /.ero follows the 
Fermi distrilnition leiw. At other lemperatnres the surface of I^enni distribution 
is nut sharp. The electrons near the surface are regarded as free, and here 
the law of Maxwellian distribution is obeyed. It is the electrons which lie near 
the surface of Fermi distribution 4 o) tliat are responsilde for con 

duct ion of electricity and these are called the conduction electrons. 

In the case of a perfect and infinite ciysUil, an electron in one band can 
be excited to another level in a second allowed band of hieJicr eiieri^y having 
the same value of the reduced wave vector ; but in a small crystal tins Selection 
rule breahs down, so thal the band structure becomes relal ively uninmortant. 
In the partic'ular case when the surface of Fermi dislrihution occn])il‘S only 
a small volume of the Ih iliouin zone, the elTect of the /one structure iLcoiiics 
small and >Sommerfekrs lecture of metallic conduction is very near the \truth. 
lUit in the more general case the analysis becomes very cinnplicated owing to 
the overlapping of the bands and it is diflicnlt to obtain a cjuantitative estima- 
tion from imrcly mathematical considerations. When the surface of Fermi 
distribution conies very close to the boundary of the zone, the substance exhibits 
the characteristics of an insulator or of a scmi-comiuctor. Strictly speaking 

there is no shar]) line of deniarcation between an insulator and a semi-conductor. 

# 

It ^vas suggested by (hidden ^ ' that semi-conductors one their conductivity to 
the presence of ingnirities. 

Based on (hidden’s idea, Wilson ’ .suggesled a model for semi-conductors 
ivith simple cubic structure. Fouler ‘‘ presented Wilson’s theory in a simplified 
form and a])ijlied it to three different models of semi-conductors. Tliesc three 
models are reineseiited diagrammatically in Fig. i. 



(a) {b) (r) 


P'igitrk 1. 

F'ig. I (a) show^s the model of an intrinsic scjui-conductor. Here the lower 
liand (1) is completely full and the up]>cr band (II) of higher energy is completely 
enipt}^ at the absolute zero of temperature. At ordinary teniT)eratures, if the 
energy difference Alb l)etweeii the two l)ands be small compared to kT, 
some electrons from the top of the lower band (I) ivill make transition to band 
(IT) leaving an equal number of positive '‘holes” in the band (I). These positive 
holes in band (I) and the electrons in the band (II) arc free and obey Maxwellian 
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distribution. Tii tbe equilibrium state a law similar to that of dissociative eqiiili- 
briulii is obeyed ; 


Free clecirou + Free hole Found elcchoJi. 

Belli tlic free electrons and free boles take part in conduction, the motion 
of positive boles in a eiv’cn direction being e(jiiivalent to lliat of an eleclrr)n in 
tbe opposite direction. It a])i)ears that tbe model of an insulator is similar to 
Fig. I (tt) with tbe difference that AIV in tbe case of an insulator is mneb 
larger tbaii that of a senii-ccmdnclor (usually of tbe order of 2 volts). 'I bus 
conduction is impOvSsible at ordinary temperatuies. ^J'bese insulatcjrs may, bovv- 
ever, coudiici electrolytically in u'bicb case beaviei ions are deposited at tbe two 
eleclrcKles and ])roducc tbe eflecl of ])^)lai isatioii. Tins elei trolylic comhict ivity 
is given Iw 


^riie model of a normal cwhinsic scnii-cofuhicloi is shown in b'ig. 1 {b). 
Heie a completely filled impurity level (III) is present l)cl ween tbe levels ( 1 ) 
and (IT) In this case transitiim to (II) is possible both from tbe levels ( 1 ) and 
(III), tbe latter liredoiiiinating at ordinary teniperaiures. Here tbe condition 
of ecpiilibriiini is 


F ice election t- Bound hole Bound elec lion. 

'l'b(.‘ case of an uhnunual rxhinsit senii-conducloi is i'e])rLseiited in Fig. r fr) 
Here the impurity level (HI) is empty and again lies Ijutwecn (I) and (II). In 
this case electrons may lie excited from (I) to both tbe levels (II) and (HI). 

In every case tbe conductivity < 4 ' a semi-conductor at any temperature is 
given by an equation of tlie form 


where is a constant which depends to a small extent on the temperature, 

but ])riuiarily 011 tbe structure of the crystal. 

Purpose o] the present invcslij^aliou . — In tbe tyjies of semi-conductors 
shown ill bbg. 1 the lower band is completely filled up, and conduction is rmly 
possible by removal of an electron by Ibennal agitation to an nj)per hand. 
Another class of scnii-coiiductors is ])ossible in which a valency shell of tlie 
positive ions is not completely filled up as in tbe rf-sbcll of ions of tbe transition 
group of elements, and tbe /-shell of ions of tlie rare earth elements. The con- 
ductivity of the oxides of the iron group of elements has been the subject of a 
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large number of investigations. It has been found that the conductivity varies 
over a wide range, from = 2 for Fc3< >4 to logio^r = -7 to -10 for 

oxides of Mn, Co, Ni, etc. Further, it is found that in the case of NiO, slight 
stoichiometric excess of the oxygen introduces a large change in the conductivity. 
In all these oxides, a ])aitially filled up Hrillouin zone exists and these semi- 
insulating j)roperties (barring the case of Fe.-iO^) cannot ordinarily understood 
unless it is assumed that the potential barrier between the 10ns of one kind 
(here tlie cations) is com])arative]y high and, therefore, the probal)ilily of inter- 
change of electrons between them decreases rapidly. Dc lloer and.Verwey^ 

I 

have snmmarised the l)eliaviour of this class of semi-condiiclors and have \ attempt- 
ed to interpret them in terms of the ])resence of stoichiometric exccjss of one 
of tile constituents of cither the cation or the anion. With this class pf semi- 
condnetors it has not, therefore, been possible to associate the scpari\lion of 
the energy levels, found from the conductivity formula, with the mulliplet 
separation of ground term of the cations. 

In the ])rcseiit inve.stigation wc have considered the conductivity of 
salts of the rare earth elements, in which the partially filled up Brillouin zone 
is the 4/-shell, which, iK'iiig inside the 55^/?'' shell, is very little influenced by 
the external crystalline field, the splitting being of the order jof 10“ enrh For 
this pnrpOvSe we have taken the fluorides of La, Ce, Pr, and Nd, all of which 
have the same crystalline structure and belong to the hexagonal system. The 
nature of the crystalline field acting on the cation in all these crystals will, 
therefore, be the same h'urther, the fluorides not being hygrosco])ic, the con- 
ductivity due to ihe absorption of water vapour may be made negligible by 
taking suilaliie i)recaiitioiis. The conductivity in this class of crystals is due 
to (/) the condiiclivity due to .'jZ-elcclrons which we shall denote by ^ and 
(//) that due to the remaining constituents of the crystals which we shall denote 
l)y tr ; this will include those due to the rc.st of the cation, the anion, and the 
extrinsic semi-conductivity of the crystal. 

Thus (T = ,Ty + 

Wc have made the assum])tioii that since lanthanum fluoride has no electron 

in the j-shell of the cation, its conductivity (r — (r,,, and for tlie other crystals 

i^a 

the rest conductivity ” at any Icjiiperature is the same as the conductivity 
of the LaF;j crystal at that temperature. This assumes that all the crystals arc 
of great purity and there is no variation hi the extrinsic semi-conductivity in 
them. 

Thus wc have for any of the oilier crystals (say CeF,.,) 
cr^ = — cr, 

Ccf Ce I, a 
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Having thus cx]>eriniciitally obtainctl \alucs for the coiKluclivily due to the 
presence of ^^cleclrons in crystals containing the ion Ce"* ' \ Tr ' and Nd ' ' 
we have tried to see if the corresponding values of AH' obtained from the con* 
ductivity formula could be correlated with the splitting of the ground term of 
these ions as obtained fiom optical and magnetic data, iconic interesting rCvSults 
have been obtained which arc reported in the present paper. The investi- 
gation is being continued to very low temperatures for which, owing to the 
extremely low values of the conductivity, more sensitive experimental arrange- 
ment is required. 


P R () C 1) T' R h:. 

Ptcpaialion o) cowl^ounds : As already mentioned, for our purpose aidiy- 
droiis lliioridcs of rare earths ianthaninn, cerium, inaesodyminin, and neo- 
dymium were chosen. 'Phe fluorides of lanthanum and cerium were sup})lied 
by Messers. Riedel and Ilaeii, in Ocrmaiiy and they bore the mark of purity. 
The fliiorides of praesodyminm and neodymium were i)re])ared from pure oxalate 
and snlpliatc of these elements in the chemical laboratory of the University 
College of Science under the supervision of Dr. P. B. Sarcar in Hie following 
way : 

Praesodyminm oxalate was first converted into oxide by heating the oxalate 
at a temperature of about 8(_)(j°C for several hours. The oxide was tlien converted 
into nitrate by treating it with concentrated nitric acid. 'Phe exce.ss of nitric acid 
was removed by heating the nitrate solution in a water bath. The nitrate w^as 
next converted into fluoride by digesting it wdtli ctaiceiilrated hydrofluoric acid 
ill a platinnm basin placed on a whaler bath, wdien fine crystals of the fliun'ide were 
precipitated. The crystals were then waslied thoroiighly witli Jiot water and 
then with alcohol and finally with 9<S% absolute alcohol. They w'erc next 
covered w’ith alcohol and heated in a w^ater bath till they were completely dry. 
The crystals W'Cre afteiwvards idaced inside an oven and lieated to a temperature of 
200° C for several days in vacuum. 

To prepare neodymium fluoride, the neodymium sulphate was first converted 
into hydroxide by adding ammonium hydroxide. The hydroxide w^as then con- 
verted into nitrate and then into fluoride by the same method as de.'iciihed above 
for praesodyniiuni- 

The prepared fluorides of praesodyniiuni and neodymium were analysed and 
were found to contain traces of oxyfluorides. P.xamined under microscope 
these comjHiuiids showed a crystalline structure- 

PrepCLTdtion of conductivity cells: Uo ensure g(K)d contact, l)ra.ss cells wdth 
two co-axial cylindrical electrodes were preferred. I he outei electiode was a 
hollowcylinder with thick walls; the inner electrode was also a hollow cylinder 

provided with screw on its inner surface, b'or the sake of comparison four sets 

6 
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of such iinier and outer electrodes of exactly tlie same size were prepared from the 
sjinie rod of 1 )rass. 'I'o miiiiinise the effect of polarisation, the electrodes were 
platiJiised. t )iif set of inner and outer electrodes was held in co-axial position by 
means of a slip-iin^ <^1 haul steel htting' rather tightly within the space between 
the two electrifies and one of the liourides was then introduced into the hollov\' 
il)iis produced, 'riie other end of the hollow was then closed by a similar slip-ring 
(h'ig. 2) and tlie iluoride was c’oiii])resscd to solid ring by means of hydraulic press. 
In this way four cells v\eie i)re[>ared, all the Ihiorides being compressed to solid 
rings under the same pressure of 7 OS lbs. per sep incli. To avoid contamination 
of surfaces of the ('omi)resscd iluoridcs in contact with the slip rings duiing com- 
l)ressioi), the slii)-riiigs were sei)arated from the i)owdcr by means of imca-rings 
wliich (together with the slip-iiiigs) were afterwards removed. 

The pre])ared ceils were then annealed foi several days in vaenum at k teni- 
perature of about -loo' C. 

7 V/r nj^paidht^ : Since the resistance of tliese ernnpounds is very high, 
.\li erne precaution was taken to avoid leakage, h'or this purpose the following 
arrangement of ai»paralus was found to be convenient. In F 3, ABC is a 
copjK'i lube sealeil at the end C and provided with a screw near that end. The cells 
Ce, ha, j\(l and Ih’ w ere scuwved to this end of tlie tube in tilt manner 'sliow-n 
in Fig. 3. 'rhe eojiiier tulie W’ith tbe cells was ])lnced iiivSide a wide ])yrex tube 
about 3i ft. in lengtii and i)rovided with brass ca]) having ground conical joint. 
'J'he (7])en end A of the eoi»i)er tube ABC was soldered to the upjier cap. The 
leads from the oukr electrodes were made to pass through four long side-tubes 
which were then sealed. 7 'he wide glass tube was provided with 
another side-tube by means of wdiieli it could be connected to a imini). To avoid 
any moisture leaking into the tube^ a drying chamber was ])laccd betw'een the 
])iinii) and 1 he tulle. 'I'lie cells were dried and annealed inside tlie glass tube. 
In spite of all Ihes'/ juccautious inconsistent results were obtained, particularly 
during the rainy season and this was due to leakage over the walls of the glass 
tube 'I'his leakage wars minimised by covering the walls of the tube with 
liauinin. The lower half of tlie apiiaratus was placed tnside a Dewar’s flask and 
maintained at constant temiieratiires. Since any trace of moisture absorbed by 
the fluorides produced an enormous increase in the conductivity, the prepared 
cells w'ere tlioj cMighlv dried at 2oo''C for several days inside the gla.ss-jacket main- 
tauied at a high vacuum. The nieasurecl conductivities given in tabic I arc tlie 
coudnetivities of the ili y Ihiorides in vacnniii. 

'I'o measure the resistance of the ceils, one terminal of a high-tension battery 
was connected pennanently io the copper tube ABC f winch served as 
tbe common lead to the inner electrodes) through a Hartmann Braun galvano- 
meter of sensitivity etiiial to 4 63 x io~^" amperes per millimetre at a distance of 
T 16 CUTS. 'The other terminal of the I^atlery was then placed successively in ebu- 
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tact with the leadvS to the outer electroiles coniKcUd In CV, IvM, Nd, jiud JV 
cells (Fig. T,a) aud the correspoiiduig dellcctious of llic gMlvaiinujuler weie 
noted. 

The tciuperatiirc vvas measured I)y means of a coj)])ei ( (nistautan tliernK)- 
couple, a Tinsley i)Otentioiueter ))eing used for lliis puri)r>se. ( )ne junction of 
the thermo-couple was idaced inside the eoijjjcr lube AFC, somewdiere near Ihc 
point B. 

The effect of ])olarisation was very a]j])recial)]e al higli lemj)eralures. But 
below the room temperature and in vacuum it was not deleetable. BeJow llu' 
ice-temiK‘raturc the resistance increased very rapidly. Hence witli the Jimited 
sensitivity of the arrangement, the observation c(juld not be carried beyond a 
small range of temperature. 



inner 


outer 
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Thu thickiiesj- of the lyantliaiiuin rin^ 

if if if CuiilllU ,, 

,, ,, „ rracsodyininiii ring 

,, ,, Nuod>i]nuiii ,, 

Tliu hjiurifk- rusislanc L* was ralciilatccl from thu rulalioii^ 

2;7K7. 

^ h^g.lr./rj) 


— r .205 cms. 
= T \ifS5 cnis. 
~o (x)6 cnivS. 

- tins. 


(2) 


wliuiv 


and 


Substituting the value of R 


- - Slieciflc i L sislance, 
iV — total resistance measured, 

/. — thickness of rings of the comp«.)unds, 
)j = inner radius of the ring, 

= outer radius of the ring- 

h 


k.O 


(where k is the galvanometer constant), the s])ecific conductivity becomes 


fr= 

zttEL 


{?,) 


Thu rusvilt of llic u.\])criiiiuiit is tabulated below ; 


TAl)l.ii I. 
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1) 1 S C U S vSl C) N () 1^' K X I* K U I M P. N T A L K H S V h T vS. 

Ing. 4 shou s that Ibc snecilic conductivities of the llnoridcs ploUoil a, gainst 
reciprocal of abM)lutc temperature i;ives an exponential curve, since Ihe loLvaiitliin 
of conductivity similarly plotted .nives a straight line (iMg. 5). Hence the con- 
ductivity at different temperatures must obey a relation of the form 


tr = tr 


()C 


A,'/’ 


(d) 


Since Hie measurements have l>een made on the crystal jK)U’dcis, the observed 
c )!uliictiv]ty is the aveiage over all diiections in a single crystal. 



Assuming that the average size of the grains is the same in these compoundvS, 
the difference in their conductivity may be attributed to the dilTerence in their 
electronic configuration in the 4/-shell. This, according to Himd, is as folUiws : 


At. No. of Ion. 


54 

55 

56 

57 


No. of electrons in shells. 


Ion 


La 

Ce 


i] Aw ! 44 

Pull o 

} 

/ 


Pi 

Nd 



5z 



6 

6 

6 


3 


6 



2o6 


/C. P, Cthosh and B, B, Cdhosh 



»OCX) &800 MOO 5600 1 /t * 10® 


Figure 5. 

{Since we are concerned here only with the contribution to conductivity by 
the 4/-electrons, we represent (as inentioiied above) the total obvServed conductivity 
o-ce fof cerium, say) as a vsum of two conductivities cri ^ and (Tj where (r\.^ is the 
rest conductivity ” and cry that due to the 4/-clectrons. 


Hence 


0-(> — orce— (Tl.a 

/ 


(5) 



Figure 6. 
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In Fig. 6, o-/ has lx;en plotted against absolute tcmperatuie. Within the 
small xange of temperature employed the relation between tr^ and T seems to be 
an exponential one and the logarithm of a-, ])lotted against i/ 7' again gives a 
straight line (Fig. 7). 



Hence must lx; of the form 

<T,=<r„cr'^rr ( 6 ) 

According to Wilson’s model, the value of A for semi-coiKhictors is 

A.= — —where A IF is the interval between the top of the comiiletely filled band 
zkT 

(I) and the bottom of the comi)letcly vacant band (II) as in (Fig. la), the numeri- 
cal 2 in the denominator being due to the contribution by the free positive holes 
created in the band (I) by transfer of electrons from (I) to (II). In the ca.se 
considered here the question of free [lositive holes does not ari.se and we can 
write 


Of — o-f^c 


Air/tr 


(7) 


where depends primarily on the number of free electrons lrd<ing jiart in 
conduction. Hence 


log '7/ = log 


^0 ~ 


AW 

kT 


(«) 
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It appears that the inmiber of free electrons is, for the ^aven range, independent 
of temperature. Plotting log (t ^ against i/T, the value of A IP can be calculated 
from the slope of the curve. According to Matlhiessen's rule the value of AW 
thus calculated will not depend on the small quantity of imi urity that might 
be present in the compounds. It will be found from table II that the value of 
A IP o1)tained from our measurements agrees approximately with the over-all 
width of muUiplet structure of ions of rare-earths under investigation as calculated 
from the magnetic and optical data. 



'I'abi.u II. 

___ _ \ 

Ions, 

1 A If’ (in ( 

i 

L'lerlron volts) 

----- -- \ 


1 

1 ( )l:)servecl. 

Calculated. (^) 

Cc 

1 ' ' ' ' " 

e’S.SO 

0-310 

Pr 

0-65.1 

0-561; 

N (1 

o‘8o2 

07on 



0 


It will be seen that while the agreement between observed and calculated 
values of All" for pracsodymium and neodymium is quite good ; the observed 
value for Ce"^ ' is nearly double that of the calculated value. 

It may be expected that measurements of conductivity of single crystals of 
similar structure and composition of these rare-earth elements may lead to indepen- 
<lcnt evidence regarding the niultiplet structuie and their sei)aralion in the 
crystalline held. We are extending our observation in that direction. 

This investigation was suggested to us by Prof. I). M. Bose, to whom our 
sincere thanks are due for granting us facilities to carry it out and for helpful 
discussions. 
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ON THE RAMAN SPECTRUM OF DIPHENYL 

By S. K. MUKERJl. M.Sc , Pn.D. (Lono.! 

Prolessor of Physics, Agra C'ollcgc, Agra 

AND 

S. ABDUL AZIZ, M.Sc. 

Agra University Research Scholar in Physics 

{RcCi’iiH'd /(>; ’S# /f/r''.) 

Plate VIL 

ABSTRACT, 'riic R;iiiiaii of niollcn dipheiivl lias luen sliulieil carofiillv wUh a 

vk w to rroord and as.*.iy,n porn'c tly llio faint Raman liiu s A fi \\ nr\\ lincN tioi ()l)sia \ a d l)_v 
prcviiHKs workiT.s liavt* been rerorded by care fully sii])i)r(.ssinj 4 Ibt- l onliniiou.s l>a(kLpoimd w ith 
Ujo ludp f>f smtabk- hlUas. 11 is poinit'd oid that most o| Hu gioiind fit (jui iiiaVs rd Ixai/uiip 
are also obsciwed in the rase of diplicnyl and Hiat the cliaT nt U ristip fiapu nev due t«> llir R C 
binding bt'tweoi the two bon/eiie niu'lei is I ’.S^ i')n.~‘ 


1 N T R () I) r (' T I () N 


^'lle Kainan si<cctnnii of diidieiiyi v\as stu.iivil foniic-ily l)y Diulicii and 
Kohlrausdi, ' Wood,^ and Doiiyelol and Cliaix.'’ 'I'lieic tiocaiis to Ik- some 
discrepancy between tlie rcsnlts obtained by tlie differenl autliors and also llie 
Raman spectrum recorded by tlieni seems (o be incomplete owint^ probably to 
the presence of a stroni> contiiuioiis bacb{>iound. An alien)] d lias tbcrel'ore been 
made in the ]>rcsent inveslif-alion to record tin- faint Raman lines dne lo Ibis 
substance by using suitable lilters in order to suppress the c-ontiiiiious l)acl:ground 
and to assign these lines eoirectly. 

]■; X r K R T M IC N T A I,. 

’ Diplienyl obtained from the research lahoratoi y of I-astman Kodid.; C’omiiatiy 
was further jiurified by repeated distillation, and the middle jioilioii of the 
distillate was used, special care being taken to make the inoUeii sniis- 
tance dust-free. The Wood’s tube containing diphenyl was kept in a sjieeially 
constructed small oven. As this .substance was studied in llie mollen st.ite so 

; 
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this oven was licaled eleetrically to a Icinpcratiirc slightly above the fusion 
X^oiiit. A minute ])oinlecl gas flame was also i)lace(l a few centimetres below the 
horn of the Wood’s tube ])rojecting outside the oven to maintain the fluid inside 
just aliove tlie flame in the molten state. The slit of the spectrograifli was 
kept very nanow in fader to obtain the maximum resolution. Ilford Golden 
Isozenith ] elates, speed II and lb 1400 and also Agfa Isochroinc backed 
plates H and D. were used for ])hotographing the scattered spectra. The 

Golden Isozenith plates were also backed l^efore use to eliminate the hallation 
accomi)anying the strong lines. I{x])osure^s varying from eighty to f|ver one 
hundred hours were found neressaiy to I)ring out the fainter lines. Thd source 
<jf liglil was a (|uai Iz merf ury-vapour lamj) and the S])ectrograms were obtained 
with a Ililgci ’s (juartz spectrograidi and also w ith a fairly rapid luies^ glass 
spectrograidi, having a dispersion of about 2jX per mm. in the region of 4358 
X. J^peeial eaie was taken to shield all extraneous light by suitable screens and 
apertuies, and the genuinely scattered light was focussed on to the slit of the 
sijec'trograph. The pkites were measured on a fail ly acciii ate photomeasuring 
micrometer, 'riie wavelengths were calculated using the well-known Hart- 
mann 's dispersion formula, h'or comparison and checking the results the 
speetruni of an iron aic was also used. 

In this investigation two photograidis were taken, one with a solution of 
sodium nilrate of suitable eoncentratifm as a filter to cut ofl the light of the 
•lo^lb'^ group of lines of the mercury arc so that only the 4358-8.^ mercury 
line w as used as the exciting line. 'This photograph under such an excitation 
Nvas found to be remarkably free fiom the continuous fluorescent background 
meiilioued before. The other photograph was taken with a very dilute solution 
of sodium nitrate filter to weaken the 3030.^ mercury line. It was follow’cd by 
a liller of a very dilute solution of iodine in carbon tetrachloride to remove the 
couliiiuous background in the region between 4358A and In this case 
the excitation was by both A435S and A^iozib. This jihotograph was taken to 
ve rify the lines obtained by A/j358 excitation but it gave some fluorevSceiicc due 
to also /p excitation. In addition to the new lines obtained, this investigation 
has gi\ eii all the lines obtained liy Doiizelot and Chaix. The spectrogiains are 
reinoduced in plate VII. 

'file results are given in tables I and II. Complete tables showing also 
assignments are giveii^at the end of the paper. 

'fllie results obtained by Wood and l)y Donzelol and Chaix have also been 
tabulated in table HI, along with those of the authors for a comparative 
study . 

It is evident that all the frequencies given in table I are due to .'I358A ex- 
citation. In addition to these, the w’ave-iuinibci\s of the anti-Stokes lines 
obtained due to this excitation are 23041, 23678, 23552, 23346, 23251, and 23205. 
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Tabmc II (conidX 
I )i])1icnyl I'Vcqiiciides. 

(Witli a filler of a very dilute solution of sodiniii nitrite fidiowed by a filter of 
a dilute solution of iodine in ('ai])ontetraeIilonde.) 
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1) I s c‘u s SION ( ) 1' k K s r L 'r s 

Diphenyl, Cj J-Tjoi coiisils of two benzene nuclei joined end on by 
))ond in the ixna-direclion. ^ It was expected, therefore, as lias been obseived 
l)y Wood (/of\ ( /7), tlial most of the fundeinental frecjuencies ol l)enzene will 
also be i e[)resenled by di]jhenyl. Of the seven Raman active modes of x ibiatioii 
of benzene worked out by Iv H. Wilson,^ whicli are consideied lo be the funda- 
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11 

11 

11 
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C 




i t 

c" 
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H 

11 

11 

11 


mental modes of vibration, all liave been observed to lie j)resenl in dii)henyl. 'I'lie 
line at rreijiiency .^^70 ciin'^^ has been obseived and recorded by W^ood as a 
fairly strong line but it does not appear at all on any of our plates. Nor have 
Donzelot and Chaix recorded it. A very faint line has, however, been obtained 
by us at a frequency 3192 cm.“', due to only excitation. 'J'he line 

A/1O73 recorded by Wood at 15.pl cin."'^ appeals as a double line on our ]>lale sit 
frequencies 1610 and 1590011].“^ respectively, exi ited by I)Olh .'I35SA and ,.|3,)7A. 
Their intensities are 10 and S when excited by 435^^^ J w hui) excited by 

■^13'! 7^- As the frequency shifts come out to be the same, iOto and 1500 cm.“ * due 
lo both the above-mentioned excitations with the corresponding intensities 
noted above it is quite clear that these two fre<iuencies are real and there is 
no line at 1544 cm.”* Moreover, the frequency i5Tr' recorded by Wood 
is not veriljed in this investigation by 4046X excitation. The line at 1178 cm. ^ 
of benzene appears in diphenyl, as will be seen in table f, as a doublet with 
two coinpoiicnts at 1x89 and 1157 cin.”^ res])ectivciy. Besides the frequencies 
which are characteristic of the benzene nucleus diphenyl gives as wdll be seen 
in table I, some fairly intense lines at 1506, 1283, 7.10, 313, 267 and 140 cm. k 
respectively. Among these frequencies the one at 1283 cm. ^ has been found 
to be the most i)roininent. It is not represented in benzene. It is also absent 
in the infra-red spectrum of benzene. Ananthakrishnan' working with a high 
dispersion spectrograph of special design, in his recent jiajier on the Raman 
spectrum of benzene has not recorded it. Grassinann and WeileD' have, how ever, 
reported a very faint line due to Ixenzene at 1283 (o). But intensity considera- 
tions show’ tluil 12S5 dijiheny] and 1285 (o) of benzene have diherent 

origins. 
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Tai 31 J{ III {contd.). 



This line is also absent in the Raman spectrum of diphenyl oxide. Hence it is 
evident that the C — C lhndin,i4 between the two benzene nuclei is responsilde for 
the origin of this line. The Irequency usually observed for C — C vibration lies 
in the neighbourhood of looo cm.”^ As in this case the two carl)on atoms are 
joined to heavy nuclei so the elTective force for the C""C vilnation may be 
expected to be greater and therefore, it may be argued, that this increased fre- 
quency 12S3 is obtained. This illustrates the point as argued by D.H. Andrews’ 
that a frequency depending piinci]jally on the nature of the bond is alTected 
substantially by the nature of tlie rest of the molecule. In the case of C,.H5C- 
CH, for example, tlie frequency conesponding to C = C lises because of the 
fact that one of tlie vibrating carbon atoms is joined to a lieavy benzene nucleus. 
W'hen the other hydrogen atom is again replaced by a lieavy group, the freciuency 
rises still more. Thus in the case of C(;Hr,.C = C.C2H.r,, the frequencies 
observed corresiionding to C^C vibrations are 2210 and 1^238 cm.“^ y\rguing in 
this way it can also be suggested that in the case of diphenyl the effective force of 
vibration for C — C bond is very mucli increased because of the fact that botli 
carbon atoms are parts of the two heavy nuclei. 

Also it has been shown by Dhar^ that the distance between the tv\o C — C 
atoms is i’48, t.e., slightly less than the actual distance for the alii)hatic linkage. 
This shows that the binding is slightly stronger than the aliphatic C — C 
binding. 

It might be interesting to note here that jmst before conmmnicating this 
]-)a])cr we obtained a large mmiber of Raman lines for tlie first time due to 0- 
diphenyl benzene. This substance consists of three benzene nuclei instead of 
two, two of these being substituted in the tliird in the ortho position. A large 
number of these new frequencies obtained by us have been found to agree 
remarkably well with those due to diphenyl. A.s obtained in diphenyl, the 
strongest Raman frequency given by this substance is at t^SS cm. ^ Details of 
this investigation will be communicated later. 
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Tahi.fc V. 

Diphenyl frecpieiicies with a coneentnitcil sohilioii of wnlimii nitrile filter. 
I^xcitation by A.];,3S p,ron]> only. 



Wave ‘11111111)1 

Inlt-nsily j 

AssiDiiincnt 

Sbifl ( 111 
A»'. 

1 

1(4 ](. 

0 

A 

310 

T 

1087(1 

3 

A 

3o()2 

.1 


j 

A 

3 " 17 

i 

i()t 14^ 

( ) 


3t h 3 


10077 

0 

A 

2<)()i 

h 


n » 

A 

i()i() 

7 

2 i 34 <S 

s 

A 

1500 

S 

2138(1 

1 

Aj 

jOot) 


21403 

I 

Ai 


j(i 

2J‘l32 

4 

A \ 

A,) 

1506 

ihoy 

1 1 

^ 1,1X5 

1 

A 

J 133 

1 ? 

21558 

1 

A 

1 3Sf ) 

M 

210:^0 

1 ^ 

A 

1318 

14 

21(133 

1 10 

1 

A 

1283 

bs 

2 l (^‘)3 

j * 

A 

1243 

\(^ 1 

21715 

i 

! " 1 

Ai 

1280 





liilut 





Raman Spectrum of Diphenyl 


279 


'I'AnuE V iconid.)- 


\ 

Number. 

^Vave-nniiibei cm ^ 
1/. ' 

1 91011*^1 tv j 

Xssigiimeiil. | 

1 

Shifl t'tn. * 
A^. 

17 

i‘ 7 .S 3 

3 

A 

13 8 (, 




A. S 

- - .,-S 7 - 

18 

21781 

•1 

A 

1157 

1 

19 1 

2I84S 

i 

A 

logo 

20 ; 

1 

2 i(jo 7 

5 

A 

1031 

21 j 

21035 

10 

A 

i()( >3 

1 

.. 1 

2 ig.sS 

1 

A 

t;S() 


21976 

1 

A 

y()-> 

24 

21993 

n 

A, 

3002 

25 

2203.8 

1 


90(1 




A2 i 

TOOT 

26 


4 

A 

838 

27 

22159 

4 


779 




Ai 5 

836 

28 

22 T 99 

5 

A 

739 

2g 

22254 

i 

A, 

74 T 

3 ^’ 

22325 

4 

A 

613 

3 » 

22390 

1 

A 

54 -'^ 

32 

22491 

0 

A 

447 

3 .^ 

2253 ‘> 

5 br. 

A 

408 

3-1 

22570 

0 

A 

36-8 

35 

2258/1 

0 1 

A. 

4 »i 

3 ^ 

226J5 

4 

A 

313 

37 

22671 

4 br. 

A 

2 f »7 

3 ‘"^ 

22726 

(> 

1 1 

A, 

:’69 

39 

2 27-15 

1 

(> 

A 

193 

40 

22798 

4 br. 

A 

i/\n 

4 * 

23205 

-br. 

A 

267 

42 

23251 

I br. 

A 

313 

43 

23346 

.• br 

A 

4cj8 

44 

23552 

1 

A 

()i 4 

43 

33679 

(I 

A 

741 

46 

23943 

2 

A 

1005 

1 

47 

24219 

0 

A 

i 1281 

i 




1 _ _ ^ 




a 


280 S. K. Maker ji and S. A. Aziz 

TABI.E VI. 


Diphenyl frequencies with very dilute filters of sodium nitrite, and of iodine 
ill carbon tetrachloride. Kxcitation by both A4358 and A4047 groups. 
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Table- VI (contd.). 
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Taijle VI (conLd.). 


I I 



br. imliL’aleu a broad liiio. A bar f)ver llic lines (Icjiotcs anti-Stokes shifts. 
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DIELECTRIC PROPERTIES OF SOME ORGANIC 

SUBSTANCES 

By G. R. PARANJPE 

AND 

D. J. DAVAR 

(From the Physics Laboratory, Royal Institute of Science, Boinbuy) 
ilieci’ivcd lor ptihl'ualhni, Jnlv 12, /(t.-jA'.) 

ABSTRACT. The density, the refraetive index and the dielectric con.sl.int me dclennincd 
at rM)ni temperature (30'C) for the solutions of oleic ,icid, linolic acid, triolein, triricinolein, and 
tri.stearin, in henzene. Tlie dielectric con.stanl is delrTniineil at 7,500 Kc meters) usiiiK the 
method of resonance and a valve-vollmeter. The refraetive index is determined for Na lines. 
The polarizations and the electric miancnt of the suhslanees are calenlated from tlie Dehye 
erjuation usinj^ the method of le.'ist ,S(|u.'ire.s. The electric moment is explained from the point 
of view of the eheniieal cijiistiliition and .structure of the suhslanee.s. The value.s ohtained 
arc; oleic acid roog, linolic acid 1-20.^; triolein .V15K, triricinolein /pu; and tri.stearin 
2 '84,1. 

The organic substances selected for the study of their dielectric properties 
at room temperature are (<i) oleic acid, (b) linolic acid, (c) triolciu, (d) triri- 
cinolein and (c) tristeariii. All these are liquids at room temperature except 
tristearin which is a solid. An exlra-t»ure variety of eticli of these substances 
was obtained from Messrs. Schering-Kahlbaum. An agreement of the physical 
constants as determined with those found in standard literature was taken to 
indicate purity and further purihcal ions were not carried out. All tlie investiga- 
tions were carried out at room teniperature which was 3o°C for oleic acid, linolic 
acid, and triolein, and 2g°C for triricinolein and tristeariu. Table I gives 
composite data regarding the substances. 

Tadlk I. 


vSubstaiice. 1 

i 

Density. 

Refractive index. 

Dielectric (onstaiit. 

i 

Oleic Acid i 

0-886,1 

’•4571 

^•/)i 4 

l/inolic Acid i 

o*f /)75 

1-4718 

2-675 

Triolein 1 

0-9134 


,v 3 r.^ 

Triricinolein ; 

0 ' c /) t8 

1-4763 


Tlenzenc (solvent) ; 

1 

0-8674 

' 493 .^ 
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Tlie nc)n-|iolar hoivcut huir/ciK' \isc(l for all the Hubwlances was 
olitained from Messrs. Schc-riiig-Kahlhimm and was guaranteed to In; free 
fnmi tliiopheiie. 

Standard loo c.c. (lasks eiiuipired with lightditting stoppers were used for the 
pre'paration of the solutions. 'I'he eonccntralion of the Sfdution fin Mole fractions) 
was tlius obtained by actri.'d weigliings Tlie <lensity, Die refractive index and 
the dielectric cnnstaiit were then delerniined using the same solution. This 
procedure, though il involved a large (inantity of the snb.stances, was. preferred 
on account of its independence of any graishica) inlcipolations. The den.sjtics 
weie determined by sjiecillc gravity bottles. On account of the iiigh coefficient 
of expansion of benzene direct Iiand-contact with the specific gravity bottles was 
avoided. Some time W'as always allowed before weighing the bottle in order' to 
allow it to come to room temperature. A coirection for the quantity of benzdne 
evaporating during this interval was made by determining the diameters of ttie 
caidllary bore and noting the height of tlie solution in the capillary. The 
refractive index W'as determined for Nn lines msing the Abbe auto-eollmiating 
refractometer. 

The dielectric constants were determined at .|o metres f7,5oo Kc) using 
the conipari.son method of Tlurlshorn and (Miver ' and taking benzene as the 
staiidatd of reference. A simple one-valve oscillator (Hartley circuit) w'as used 
for generating the high frequency oscillations It had an output of about 2 
watts and in order to ensure the stability the valve was niaintaiiicd entirely on 
iiideiiendeiit Iiatteries. The oscillator showed great stability at certain frequen- 
cies. From these a frei|ucncy 7,500 Kc w'as .selected, Tliis frequency was checked 
from time to time. 

The oscillator, the rcciver, the valve-voltmeter and the measuring condenser 
W'ere very nearly the same as those described by Paranjpe and Deshpande.” 

The receiving circuit consisted of a plng-in type inductance made of a few 
turns of silk covered thick copper wire in parallel w'ith a standard condenser. 
The condenser was a precision tyi>c standard variable condensei manufactured by 
the (leneral Radio Company. Its total capacity was 1,500 .A micrometer 
scale fitted to it enabled a reading of 0-95 ft/nF to be taken wslh ease. The back- 
lash was found to be less than half a division on the inicrometor scale. By taking 
readings in the same directions even this back-lash was avoided. The instrument 
is enclosed in a dust-proof case wliich carries its own shield. The rotor 
terminal is fixed on the shield and is earthed. The operating handle is of 
rubber. 

A valve-voltmeter was used for detecting the current in the receiving 
circuit. It offers a very sensitive means of indicating resonance and absorbs 
practically no power from the circuit. It has been used by Sudgen and 
Allen Astin * who found it to be the most sensitive resonance indicator. The 
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circuit of the valve-voltnicler was that reconmiendod by F. M. Colchrook.'' As 
designed, the full scale of tlie anode niicro^aiumcter is available for the nicasurcnient 
of the increase in the anode cuiTent due to the rectification of the ajiplied alter* 
nating voltage. This arrangement gave ample sensitivity as an applied grid 
potential of 0*85 volt gave a full scale deflection of the micro^amnieter. A lamp- 
aud-scule arrangement further magnified the deflection. In ru'd er to avoid any 
direct interaction between the oscillatoi and the valve voltmeter a distance of 
about 5 metres was kept between them. 

The test eondeuser consisted of a Dewar’s flask cut at its l)ase and iuvcTted, 
Two thick (o’.l5 mm.) silver )']a1er> bent eylindrically \v(.ae fixed belweeJi the two 
walls of the flask. The plates were kept in positicu] liy tlie forces due to their 
elasticity and the use of solid supports was avoided. The plates weie so made 
that when they were inserted into the Dewar’s flask their eurvatuie corresponded 
as nearly as possible to that of the walls of the flask. It was also seen that they 
formed coiriplcte cylinders when in ijosition !ii the condejiser, since an otiening in 
tile outer plate would lead to a considerable aiiioniit of error in (he eniiacity 
measnreib I^ads were joined to small extensions of the silver iflates which were 
lient at light angles. Daser materials were thus prevented from coming in contact 
witli the H(juid andei investigatiuu. 

In (»rdor to have the geometrical configuration of the jilates the same for the 
* air cai)aeity * and the ‘ lirjuid capacity/ the latter was detenniiied by filling 
the condeiisci in position. The air cajracity of tlie condenser was 30 nfiV \\h\U 
tile fluid contents was ho e c- 'fhe air g:i]) between tlie plates was (j\s cm, 1'he 
outer cylinder of the condenser was earthed which iirovidcd an almost complete 
screen. The test coadensei was further completely .screened and ^ tlie screen was 
earthed, 

K n S V h T S A N ]) D I 8 C U S S I C) N. 

I'able II gives the final results of llicse experiinciils “ 
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The molecular polarization Pj^ mixture was calculated from the 

Debye equation 
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“ I M I jf 1 + jVl /o 
e -h 2 * d 


Pi/i 


Curves sliovving tlic variation of the molecular t>ulari/atioii (Pu) of the 
sohition w ith the mole fraction f/o) of llie solute iuclicated a linear relationship 
over llic entire rauRe of concentration. If it be assumed that the iKrlarization 
Pj of the solvent remains ccmstanl and that the contribution of the solvent 
towards the molar polari/ation is proijortional only to its mole fraction, we 
minht be led to cxi»ect a linear variation of with fo- In order to test this, 
f^raplis were plotted showing Po/o against /-j and 1^:., against /o all of wl<lich 
indicated tlie linear relation. In order to te.st more i igorously, the correlation 
coclhcient uas determined using the method of least squares. The values of iliis 
C’(jefFicient are given in lal;le 111. \ 




Taih.k 111 . 


Solute 


Corrcdfilion rucaii'icnt for 

Correlation crid'lic lent for 

oleic Ac'itl 
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J-“ 0 *('win 70 

1 i 
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'iMie linear relation being thus estaljlislied the molar and the electronic 
polariziitioiis ll’-j and respectively) weie calculated from tJie values of /lo 
1 2 and Ph./ji I 2 using tlie method of least squaies, 

Prioi' to any disc\ission of tlic magnitude of the electric monienl the chemical 
composition and the .structure of the substances itnisl be studied. The following 
formulae have been taken from lleilsteiids Ilandbucli der ( )rganischen Cliemie. 
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IJnolic Jcid. 
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'J'riohhi (oniiHinf> ii-a/o/iii). 

t » 

Q^C-C- C— C— C— C— C— C = -C— C— C-'-C' - C- -C“C— C— I V -I 

{ ) 

II 

C— C— C— C— C— C— C- C“C --r— c - C~c— 0— C— C— C— c—t )-~C 

i 

II I 

C.^C-C-C-C-^C- -c---C'---C = C---C--C--C-C-C'-.C--C---C-()--C 

'I'liiicinolciii. 


OH 


e_c~c-c-c^c-c-c^c - c-c-c-c-^c-c-c-^-^ )~c 


on 


e„c~c-c-c--c-c-c~c=c-c~c--c---c--c-^-c- 


OII 


( ) 
II 
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•c 


{ ) 


C -c-^c-c c- c-c-c-c-c-c-c-c-e-c-o-i.-c 
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C_c - C-C-C-C -C-C -C-C-C-C'-C-C-^-C-C-" -1 .-c 

o 

II 

, - .X c — c — c — c — c — c — C— C O—L 

,_c— c--c~c— l. v.. v„ v. 

nl.-ic -icid aiul linoUc acid it may be oliscrved that both 

Co,ni.annR mm l,,lglh of the carbon diain and a similar st. net nrc ; bnl 

have almost Ihc -r i r,, has two. Smyth and Zalm 

whik Okdc adcnias oiie (1^ associated with a double 

have found that a sma r .htlv lamer vaUie for the moment linojic 



liotaiations are compamblc I „isMco of a doiil.lc boiul 

Zt I'nUu.w'of 0.0 alccuonlc polariaatio... ..a, i„« 
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triricinoleiii with IrioUin and tristearin it appears that the held of the Oil gioup 
is intense cnone.h lu cause not only a marked inciease in the orientation 
[K)Iarization l)ul also a noted lise in the el(!ctronic polarization. 

According to MdlKa and Sack ' a Imig chain acetate molecule such as 
amyl has a niomeiit rg. In the present case, however, the long chain molecules 
of the acids have a much snrallei moment in spite of the existence of double 
l^mids 

It may l)e expected that a triglycei idc, since it lias three times as long a 
c'hain as the acid fi'oni wliicli it is derived, may possess an electric moment three 
times that of the acid. The data for oleic acid and tiitdein flal)]e Jl) agree 
favourably witli this view. 

C.\)iniiaiing the three triglyiaaides the electiic moment increases in the ori^er 
trisioariii, triolein and triricinolein. This may be attributed to the existence pf 
double l)onds in triolein and douldc bonds and hydroxyl group in IriricinolciiV 
'rile monieiil a-l-44 for trislearin agrees with the moincnt 2*7 given by v'^toops.'^ 
As pointed out liy Stooiis the hydroxyl group has a moment 17. If lliis be 
assuniecl, the moment for trin'ciiiolein may be expected to be very high. vStoops, 
working on casUir oil wliich contains 8(»% triricinolein besides small pro])orlion 
of other glycerides, obtained a imaneiit 3-7. Judging from Stoops* results alone, 
tile jMesenl value is well within the range of the expected value. IJcvertheless 
it may be exidained tliat in dilute solutions when the molecules arc far apart the 
icpulsi\'c l(aces in the dipole due to the intense field of the ^ )I1 group may tend 
to hcpai'ale the chains and thus make the moment smaller. 


R !•: !■ H K K N C I? S , 

' Il.irlslin! n find Oliver , Ptoc. Roy. Soi . I., 123 , Gfvj 
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THE ATTENUATION OF ULTRA-SHORT RADIO WAVES 

ALONG THE EARTH 

By S. R. RHASTGIR, D.St. (Edin j 

AN['> 

M. K. CHAKRAVARTY, MSc. 

Dacca University 
{Rccclvri^ foi t'nbRiOtion, July Js, i(;;V ) 

ABSTRACT. Relative fKld streiuedi w'as lucpsuu'fl at (lilfL-ieuI (lisfanc' *- alcii}’; a sliaielit 
line over level earth from a portable ultra-short wave trinisinitter lilted with a ijiiaUt i vn.im* 
aerial. The transmit ter Wiis f)f suiheieiit power to eiiahle hehUstteiiEtli measureim n(s to Ik 
carried out with aceuracy up to a dLsUmce of 50 im /mm the transmilft r. A wao •)( 

3'6.'| 111, was employed for the purpose. The receiver used was a helemduie uM i-ner wilJi an 
osi'illator-rleteetor circuit followed In L I\ power ainpliJieatioji TIr L T alli i naliiie 
volta;:^e di veloped across the telcplioiies in the oiiljmt cirijjil, when the IransnulUn w.r, i>n, s\a: 
measured I )}■ a .‘'eiisitivc \alve-vnlUnctcr euii.slrueted for Ihi piiiT'osc. lUiuo aii) nitt^mue 
tion measurement was made, the fretjuvaicv of the heat note was adpisled wliun \ei 111 1 rsMiiv, 
and brought in tune with tlie fixed note of a thiUoii wliisllc , Ail ii adin^is weic lalj n (Inoupli 
telescopes situated at some, distance. 

The attenuation measurements have been e\amineil in Ha light of Noilun’r. foniuila 
for grouiul attenuation of radi(» waves from a shoii dipoli' antrinia. I la v .ihit s nl ila < lu li ikril 
eonduclivitv o- uiid diclectrie cojislanl t of the gtoimd wliiih acoeimiil \\ilh 

Norton’s formula me 


* — y c, s* u., R- '‘P X 10“' e 111 11 
"i'he values for moist ground lin\e been Iiowevei laigei, vi.' , 

«-i(ie. s. u., ^ jo m. IL 

It is significant Uml these v'ahies agreed in their (adris ot niagniliulL' will) tin valiu s 
obtained by the direct laboratory metliud, 

T. J N TR O Dr C T 1 D N. 

The problem of groimd attcmialioi] of ullrruslioii waves has bun engaging 
the growing attention of the radio^pliysicists. A substantia] aniomd <>1 woik on 
the subject has already been done.^ The olgect ol this ii]vestigati(a] lias 
been to set up a fiortable nllrn-short vvavi- ttansniillir of sniialfic iRJWer 
and to construct a portable receiver of suflicicnt sciisitivily so lliat rvlalive 
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iHCa.surcmcnt& within 5 (j m. nf the Iraiisinittcr ean I)c carried out with ease aud 
accuracy in order to obtain some reliable iiiformalion on the subject of ground* 
atlcjuiation of iiltrtoshortnvaves. An oi)eii hat ground practically clear of obsta- 
cles lias been chosen for this lairpose. 


I^ (_) 1: T P xM J«: NT T. 

I'hc I'niusiniiln : A low*poner traiismittei was constructed using a Thilips 
'i\ C. o^/s valve coniieeted to a single tuned cinniit uith capacitive rctro-aciion. 
The circuit diagram (d“ the ai rangcnieiit is given in figure i. 'The iiasedjoard td’ 
the arranj^enu nt was fixed on the lop of n wooden box containing the . 
l)atter\ u liich lec'ds tlie illanienb A voltage of about ::!oo volts 'v\ as eiiud^vcd 
for the directMcurrent su]>j>ly for the aiKKle circuit. Suitable choke coils having 
selfn esonaiK'e at apjiroximatel^ the working ua\’e*Icngth \Ncrc‘ irsed in all the 
D.C. supply leads to the valve electnjdes. 



The transmitting aerial was practicjilly a quarter wave aeiial. The lower 
end of a straight No, 1,7 Iiare coj»per wore fixed in a vertical position was connect- 
ed to one end of the inductance loop wliicli was a single turn jJ/ in diameter of 
tV' copt>er lube. 'J'his end w^as also connected to tlie retro active condenser. The 
{)thei end of the inducnance loop was connected to the earth by a metal pin 
sli lick into the gionnd. 'Idle short connecting vvire to the earth was enclosed 
in an earthed iiH-tai cavsing. A sliding coi)per tulie placed concentrically over 
tlie uiipci part of tlie vertic*d aerial w’as found convenient for the tuning i>urpose. 
Immediately above tlie inductance loop was jdaced a milUammeter to indicate 
the constancy of the aerial current. 

’Jin' Receiver: The 1‘eceiver constructed for the measurement of relative 
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Ijclcl-inteiisily coiiij)ilscS a ilclLCtor-nsciliului iiiiil wliich is willitlic 

transmitter just (Icsciihcd. Tliis sta.i^e was used in an oscillutine, eoiulilion for 
the lieter(jdyne rece])tion o[ the waves from the liansmittei After leetifieiit ion 
the beat note of audible frequency was passed throu^li an amplif>dnL; staKe. 
A low-frequciicy choke was inserted in the anode circuit of llu; ainplitier 
and a ])air of telephones was connected thn>ue.b a laia:i.e coinlensei (udA to the 
anode end of the low-frequency choke and the nej.>ative eiul of tlu low tension 
battoiy feed in the filament of the amplifier. I'he low fieiiucncy polmtia] 
difi'erence across the telephones was then measured in arbitrary units by means 
of a \rdve volliiieter constructed for the i)Uii»ose. The circuit djayrani (d tlu' 
iccei\er is shown in figure The delecdor oseillator valve iwed was a riiilips 

"J'.C. o^/s valve. IMie aniplifviny valve was a Idiilips U.yis vaKe willi a suitable 
bias x'oltaec to the control j-pid. The leceivniL^ iierial was snnilai the 
li anstniltiuL; aerial* 



hioimH 2ia), 

Receiver. 

An A. C. vS. (\. valve fed by direet current was inii>loyed ni tJie valve-volb 
inetet. After having applied vSuita1)le voUa^es to the anode and tlie screen giTl 
tlie micro ammeter which vs'as in the plate circuit was balanced in tlie mainua 
shown in fig. 2(6). When the signal was on, a change m the deilection of the 
micro-amnicter was observed. 



ITgurk 2 {bi^ 
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rije iiiiMit tcniiinals of a povNorfuI I,. F, amplifier of the eonvenlioiial type 
wasiiKseited v\heii iie(X^«sary in piaee ol tlie lelei *noneS“"“llie oiit])nt Icnninafs of 
the aiiiiilificr having, l>eeij eoniiev'led to a loiidspeakcr^ Adjustment of wave- 
length of the oscillation in the dcterlor-oscillator circuit was made from a 
distance by turning tlie tuning ('ondeiiser with a long e1>onite handle. With 
the transmitter on, tlie freiiiiency of the continuous heterodyne whistle was thus 
adjusled before any valve-A'ollmeter measurement and brought in tune with the 
fixed note from a (mlton whistle. Immediately after the adjustment of the 
tuning condensei, the angililiej was disconnected and the ini)nt terminals of Die 
valve voltmeter ('onnecled across tlu^ tclc]»lu)nes foi' tlie measurement of jhe 
clinngo in miero-am meter <leflection. 'The change-over connect ions w ere eas\l>' 
made by means of a double throw' over switch. In all c ases, readings of tjie 
micro ammeter deflections wc-re taken with a telescope placed at a distance id’ 
a])oul 5 metres fiom the receiver. TJic receiver which was enclosed in a woodeti 
Ik)X wdth earthed tin linings wxis fixed on the lo]> of a bigger wooden box con- 
taining the h- T. battery. The F. 1'. amplifier, the shielded valve voltmeter 
with the micro-ammeter and the 11. 'f. dry batteries were suitably placed 
on the top of tlie !)ig box. The complete reeeiA’ing arrangement was fixecl up 
on a wheeled carrier, 

iM i< ASH R i< M a N r s o v r it f u i-: b a t i v i- 1 uh i > 

S T K N (i T U S. 

Idle procedure adopted in olitaiiiiiig utlcnualion curves had licen iii.sl to mark 
out the line of propagation reiiuirccl at definite intervals from tlie transmitter. The 
aerial current of the transmitter w^as adjusted to a definite value. (The obseiva- 
tion of the aerial current w as akso made through a telescope situated at some dis- 
tance from the transmitter.) 'J'he receiver was then taken in succession to each 
position and measurement of the changes in the miero-ammeter deflection made 
w ith tlie traiisinitler cm and off. 

Ikdore the niicro-ammeter readings were taken at eacli place, the beat- 
frequency was tested and adjusted each time to a definite value as descrilK'd 
I)efc)rc, 

Inunedialely after tlie measurements of micro-ammeter deflections for various 
distances, olxscrvalion of the changes of deflections was made for different values 
of tlie aerial current at a fixed distance from llic transmitter, 'fhe grapli show ing 
change of Jcfleclion against aerial current was a slraighi line. vSince field- 
strength is proiiortional to aerial current, other things remaining constant, the 
observed changes of micro-ammeter deflections can be taken as proiiortional to the 
field-strengths. Care was taken to keep the freciuency of the beat-note at a 
constant value during the calibration exi>eriinent- Two sets of readings are given 
here, one of them lcalle<i A) was taken on moist ground after a show er of rain 
and the other set (called B) ^vas taken wlieu the ground was comparatively dry. 
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In ttibles I and II are Kiven the data for llio calibration v,nai»lis aiul the obsoi ved 
cluiuges of the micro- aninieter deflections ulRai the iiltia-shoil Avaves from the 
transmitter were icceived at difievcnt distances along a stiaight line np to 50 no 
The calibration graphs and the atleiuiatioii curves arc shown in figs. 3 and .j, 
respectively. 
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Tabi.k 1 [conid>]- 
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.|. N ( I U '1' O N' S !•' ( ) R M I’ ], A I < i R 1' R \ T - ( K i ) t ’ N J> 

A 1' 'J' K K r A T I t ) N f ) I- RADIO \\' \ i. s 

Based on the ideas of Soiiiniefcld," Van tier Pt.I and Niesscn/' Norton^ has 

recently deduced an ex]nx*ssion for the [ground alleuualioii factor foi Ava\es comini' 
from a short dij)ole antenna. Tlie experimeiita] ivsiihs oi Feldman and Bmiows 
have been found to a.eree with Norttni's formula In a recent tliecMctical stud>' 
Norton has clearly indicated tliat the radiation over the ]>laiie earth consisis o| 
a space wave and a surface wave. 'Hiis latter componeiil of N'oi toji is /eio when 
the transmitting and receiving, antennas are on the e,r()und. Scmniierfeld ’s *sni fac e 
wave/ however, was introdiU'ed bv an error in tlie nialhematii's so that tin total 
Vu'onnd wave’ is a si>ace wave. 

The eflVctivc heiL’hl of a vertu'al aerial is equal to lialf the actual lui'-dit when 
there is no topdoadinn and is equal to the actual height when the acaial has 
sufficient toi)-loading to inahe tin current uniform throuniKnit the vn tn‘al ]>ortion 
of tlie aerial. AccordiuK to Noiton tlie flat ^’.roimd attenuation fatdcn in tiu' lattei 
case is )-dveii by 

A]~ I nl<'{ - i \/ p i) | 

where P\- P ^ 

*‘nnme; . al distance" ^ cos // == ^ ^ sin h 

'i‘ A ( -f 1 A 

/ — actual distaiK'e. 

4 ; “i' ^ 

tan /) — 


and 


T 'S X lO^ ^ 


/ 


(T™ electrical conductivity of the n.rf>tuid. 

dielectric <x>nslant of the ground. 

/ = frcqucnc}' in cycles per sec. 

/kc ==fre(iuency in kilocycles ])er see. 


S C O ]M P A R 1 S O N O I' K X V V. R 1 At K T \ T. R !> S f ^ L f S \V 1 r 1 1 
N () R T ON'S I’ O R M V h A 

Norton has evaluated the gronnd-attenualion factor A i ff>r diflerent values 
of p and b. The calculated values have been given in a ta])le. U e made use ol 
this table in estimating the values of Ai for tblTereiil distances fioni the ttansmit- 
ting aerial, assuming: suital>le values for the eV'iiical coiiflnctn i1\' e and tlie 

to 
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dielcL'tnc constant c of tliu soil. Tlic set A of our results agree well with Norton's 
foniiula wlien 


f -lo e. s. n. and —1 f/ — Sej inegacycles/scc.) 

fr= i‘Sj X * c. 111. 

wliile for the set B, lliere is agreeiiienl with theory when 


i.c\, 


1 II 

— 7 e. s. u. and — j~ 
cr==-gj X 10““^ L\ in. u. 


These values are in keciniig' with tlie fact that the ground was coinpara- 
tively diy in the set B of our cxiierinients. The ex])eriniental values of ground- 
attenuation and tliose calculated from Norton's formula in arbitrary units aie set 
out for coinparison in table 111 and iigure 4* The dotted lines in figure 4 cones- 
{)ond to Norton's foruiula' 'J'he attenuation factor at a distance of 15111. has 
been arbitrarily .set equal to one in both sets of experiments* 


TAnrn m 


S<, 1 A . f ~ j r ) L‘ , .s . 11 

(T - 1 if') e 111 11 


vSc'l 1>. f - 7 e. s. n 

(T — *(ji X 10 1 1 in 

n 

1 

Th;arui<’e in i 

vMteiiuatioii factoi 

AltenuatiDTi fuctor 

lilt Ins 1 

i 

1 

'riicory 

expt 

'riK‘ory j 

i 


5 

1-68 

— 

rSy 


— 

JO 

l' 2 A 


i '36 



15 

1*0 

10 

JO 


1 0 

20 



73 


73 

-S 



Ao 


'f'3 

3'-> 


■(u 

\S2 


SO 

.10 

S'-' 

— 

■40 


— 

5e 

‘4.1 

■46 

■33 


■33 


Attenuation of Ultra-short RaiUo I'Vooes along the Earth 297 


ll is to he iiK-ntioncd licrc lliMt a simple thcoiy of atiniiialioii of uifni-sliorl 
waves from a point source {c.g ,'ii small loop) lias liecii noiked out hy |. S. 
]\IcPctric. According to McPelrie the field intcaisily at any iioiiit is the coinhiiied 
effect of the direct waves and the waves retlecled fiom the ).',ioinul at ohliiine 
incidence. Some experimental results ohlained with nltia-shoil waves from a 
small looj) have been imblished by Smilh-Kose and Mcl’eli ic ' in siipjiort of the 
theory. 'I'he I'ctlection from the .uronnd is howcAxa imjilicit in the theoietical 
treatments of Soninierfeld, \'an div Pol, Niessen and Noifoii. 

Althouyh Some discreiiancy between Norton’s formula and expei ini(.n1 is 
expected at short distances due to the finite Imiehl of the transmitt in.e aerial, 
it is howewer si.eiiilicant that the raihiesof > and ’r coininite'd from Noiion’s (oimiila 
agree Well in their oiders of m.igiiitmle with the value's ol'itained by tlie direct 
laboratory method. 


K ft I- Ji K b N (' It S 

' .^uiith-Kose aiiel tMcT'e trie, Pior Phv'. So<., i.r (mo), blnitt, A’a/iir.cts.e , i 
tio-'ol, C'. II. T'Mdmati, Pmc. / K.b., Vol. o, March Im.n''; .loiice, I'loc. IK.l'., Vol. .o, 
March (m, VO. Trevot aiulCartci , f'nu. / P K , Vol. n , Mat ch ( mo) , ScticUciiR lliirrrw.s find 
I'lrrcll, PO'C. / h'.h., Vol, -n, Maicli Po.rd ; Itimhind, Vrawh-rd ami IMiiniford, Vior I U.l , 
Vol. 21, March (m, VP ; lUirrow s. Pcciiio amt Tlinit , Vm . t.P.F., Vol. ■ Dec. ( m.m) ; lliirioiv-, 
Decinoand Ibiiit, K/cf /'.tiyt., Vol. m, lamiary (m.iyl ; hiii row.s, Pf or I K I- , Vol. .'.s, I'ch- 
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DISSOCIATION IN SULPHURIC ACID WITH TF.MPLRATURL 

Bv P. KOrCSWARAM. 

Aiiclhra University, Waltaii. 

(J\i t Cl LU'd j’liblii niion^ liiiic 

ABSTRACT. Hu t.Tkrl nl nii Milpliiii K' .K'id i;. ^tudu'il \u’Hi Ihi :dd n| Raiiinii 

tdlm As in llir ul diluliDii, chills un- ijl)sti\ul in Hu litirs und p tkliiiiti* iju'U'iM' 

in ii)U nsity is Dot jtH d in Hu' !(!-(' iiiu wliudi ;illi ilmt'‘(l 1m I Ih' 1 A i 1 b SdniiliiriH in 
the flniiiyy'S f)indiu'rd by diliilinn ;ind teinpc. ratlin- n inh rpn-U'tl as diit- to Hit’ pi mj.m ( ‘.mn ( di mi 
( iali'in nt Hk* acid evui willi (nii])U<iUin mio nS< h jind SUj ions Thai Hu Omiu' (Diiiiimiiin 
iiMiallv (ibst 1 \ rd in Hu Raman spev Iruiii <»f siilpl!tiri( arid (sni lie inmu i d 1 u' heal iiir it v\iih 
pntassium pennalCRanah , [k ita^.^iiini dii^hiMinati , nr a tiai i nf luiiii and i'i i \uj byluatnip In 
about 2 ou''C, is pointed ou1 , 


T N T R 0 1) t: ( T 1 ( ) 

The Raman spectniui of sulplnirie acid was sindkil l<y a lar;;e nniidier of 
Wfahi'i'S both in flu: imre state and ill Noliitioiis in walui . ll was found that the 
lilies of suliihinic acid in the {)ure slate showed eliaiiyes due to dilution and tliis 
was attributed to the i>rof,n-essi\v dissociation of the aeid into IIS*) , and liualB' 
into SO.| ions. Nisi,' Woodwaid,' Woodi\ar<l ami Horner, ' Raniakrishna Ran,'* 
and Bell ami Jep]Jesoii made a thoron.i.'h study <>1 the eleetrolylie dissociation 
of the acid liy the' method, 'f'o .see whether tlieie is any dissneiation efleeled hy 
increase of temperature, the jaesent work was nmlertakeii, 


C () N T 1 N Ij () L! S SI’IvCTRlIM IN STMO’lIURjr ACIIi 


One feature in the Raman S|tectruni of siilpliurie acid which was a soniee (d 
gieat Iiiiuiraiice to all the woikers was the strong eontinuons haekgionml uhieli 
persisted even after repeated purifieations. Woodwaid and llormr ohsei ved \'ety 
interesting changes in the inlensit} of the contiimons spectrum at various eimecn- 


trations. Medard *' found that hy heating the acid with a lew cvvslals of 
potassium permanj,’auate to about 150 C the coiitiiumm di apiieared, I h',' authoi 
found the same to be the case when llie acid vwas heated willi any oxidising 
agent, JCMNO^, KyCrAlY, or a few droiis of niliic aeid The imimnly givnm, 
rise to the continuous speclnuu was removed tlierehv ami the lOiUunumi 



300 


I\ Koteswaram 


distil ►pcared coiui)l(jte]y. Tbe saniu result was ohlaincd by merely keeping:* 

tlK- arid tU 1 'he i)iciure was very (dear willi the Raman lines appearing 

( oiispirnonsiy. ( )n roolinj.!, ihe acid the (amlinnum re appeared but not wdth sucli 
an intensilv tis befnre heating A fdter of siadiinn nitrite solution shielded by 
Cornnie Noviol elass was suflieient to diminish it eonsideraldy at the lower 
tempera lure. 


n X P F' K 1 M N r A L. 

Tile ac'id w as enelosed in vacuum in a vertical tube with a clear observation 
window at the to]) and the lulie was surrounded by a heater which was kcjit at\ a 
constant t(jm|)cralme of :>on"'C, f)y adjusting the cuircnt thiough the coils. Ligpt 
from a vriiical mercury arc was c<jndensed on to the tube by means of a cvliiidm- 
('al condensci filled with NaNt solution shielded by Corning Noviol glass Tlic 
conijiaiiscai i>i('ture at the laboi atory temiieratiire w as taken after the exposure 
at eoo'^X\ in order to repioduce the original spectrum at 30 'C- 'l‘lie acid 
w^as enclosed iu vacuum iu the tube to prevent any contamination by moisture in 
the air. 


R A At A N r. T N U S T N S V I. V HURT C A C 1 D 

A very peculiar feature of the Raniau spectrum in this acid is that all tlie 
lines are broad and diftnse. Hence it is almost impossible to locate the exact 
positions of their maxima by a microiiietric measurement. That is the reason 
w'hy the result of different authors are found to vary in their measurement of the 
frequencies of different lines. A micropliotoinetric measurement wdll certainly 
he helpful in locating the exact position of the maxima of the 
different lines but they are subject to the usual errors of graphical 
intei’iiolation. The results of diflerenl workers are given in table d ; the 
last column gives the lesults of the author deduced by a microidiotometric 
measurement. All the \’ahles of Av in are in cni.~ * 

A S S T ( '. N AI !{ N T O V T1 V, 1 ) I I* V V, R T{ N T L 1 N K S. 

The assignment of tlie lines in sulphui ic acid \vas made on the basis of ihe 
results obtained by dilutions in watei Kainakrishna Rao found the 10430111"* 
line inci easing in intemsity with dilution and hence he attributed it to the HS(Xi 
ion as the line is also found in acid snl])hatcs. 'i'he 9 S 0 line which makes its 
api>earancc at higher dilutions as well as in solutions of .siiljilates, he id«.ntifies 
w ith the St hi ion ; and the lines 5^.2, 1171, and 13(^5 wdiich could not be attributed 
to any radical containing the vS(), ion hut wliich were Rjuiid to be analogous to 
the Raman lines of solutions of sulphur dioxide, he associates with the presence 
of molecules of the type vSO^RlHa). The yro line which decreases iu intensity 
wdth concentrations is due to tlie undissociated HnS04 molecule. Woodw^ard and 
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1 'jgukk Figure 3. IniniRE j,(a). 


tact with the leacb* lo the outer elec liotles connected to Ce, J,a, Nd, anti Pi 
cells (Fig. 3 (/) and the corres]K)nding deilections of tlie erdvanonieter were 
noted. 

The leiniieratiire was nieasnred })y means (4 a eojij)er constantan Ihenno- 
couple, a Tinsley polcnlioineter being used for this purptise. (Hie innetion of 
the Ihermo-ctiuple was iilaeed iiuside the (oi)j>ei tube A1K\ soniewliere neai the 
point B, 

The cflect of ])o1arisation v\as very apprcciaide at higli temperatures. But 
below the room teni])erature and in vacuum it a as not delectalile. B(d(>w the 
ice-teniperature the resistance increased very raindly. Henee witli tlie limited 
sensitivity of the arrangement, the obseivation could not lie cairied beyond a 
small range of temperature. 


1C X V K R 1 M H N T A P R IC S V T. '1 S. 


The outer radius of the inner cylinder 
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1 lie thiclnies*- of the lyaiitliaiiinii riii ^4 
>> M Cerinin 

»» M Praesodytniniii rio^ 

M ,, Neodymium ,, 


“ T ’:’05 cnis. 
= 1*4X5 cms. 
= 0'6o6 cms. 
- 0-5X6 cms. 


1 he specific resislaiiec was calculated from the relation^ 


27 tRL 


ivliere 


and 


p -.si>ecific resistance, 

A’ -■"total resistance measured, 
r. — thickness of riip^s of the compounds, 
/i = inner radius of the ling, 
outer radius of the i ing 


vSnhstituting the value of A-- — 

k,0 

(where k is the galvanometer coustantg the specilii' coiiduclivily !>ecomes 


iz) 


ir-~= 

27 r/vf , 

I'he u;sult of the experiment is tabulated below 1 
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to and /]5J and to S( ^ n Ink .] i 7 and i igs arc coinnaui , Aliens and kn’kic''' 

and laid lycckic^^ do not alli ilailc llic 07*’ to TI..S< ^ iuoIc ohIls as this Hm was 
not olitaincd liy Bell and Jcpjison who worked with the jairest acid, 'riiey jMiinl 
out that it is dne to a partial dissociation into vS( i(nis when any tiacc oj walei is 
])icse'nt in the acid, d he results of keekie will) I h indicate the e()iK( tness (d 
most of these assij^nnieiits l>iit in the case ol the lopS liiR' no isolr»[ii(: shill is 
observeck So he levls that this line- jiiobably ai ises from a valejuy xalaation 

involving,’ only the oxN'eeii atoms and thus elose-J> related to tlie SO, Ik (juuicv 

orSs, and IIr fierjiiencies at a]']a oxnnately 1055, m niliaU-^ ami f'ai h^aialw. 
Blit the very sn^nifieant chanyc in intensity undergone by tlie hiu' holli vmIIi 

dilution aiiclwUhteniiRM-ature in the inesentU()rk]>oint out to its ori;-in as a 

HS(-),i line only. The inherent breadth (»f this line and its superposition mi the 
continuous spectrum in that region nii^ht not have lendered it j)ossihle loj Jaakie 
to observe the small isotopic shift in tlie D-St ),,, 

\\ V V 1\ C T O V T B ]\T V B K A T J< V. ( > N B TT T- U \ M A N L 1 \ li S . 

Tn figure T, are given the microphotometi ic curves of the Raman si^ectium oi 
the acid at two different leinperatiucs 30 C, and 200 c . loom a peiusal ol the 

curves Ihe width of the lines is evident and at both the temi^datures imae than 
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luuxiinnui ;iri; (li.si'fnijlt’iL' ill cncli liiu'. 'I'lic \\';ivi:-li;ii;;;llis of thf iiuixiiiia at 
llnj l\v(j U'Dipurai uu N ajul Ihc witllli the Ijands as measured b>' ^rapliical 
iiitcrixilalinii from tliu i‘urva-s arc l'ia’lii ill tile lolJowiii^^ table. 'J'lic tiL^nrcs arc 

ill ( III/’ ‘ 

II, 
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Dissociation in Sulphuric Acid with Temperature 30 i 

Ai lenipc-ratiiiv lliu ik-\\ niaxiniinn :it \i^^\ nisi Ih lmiis m 

the iiiaxiinuHi at 5^S shifts to the simple nia\ir,iiun at u v'''* slrfls \n i.i.. a iua\ 
fee 1 )]e inaxininni at gS;; is just deteetal^lcg the I'eehlt* inaxiiMiin) at ) hg^adeus 
UH into a wide baud with a inaxinmui at loSS witlia eo! u spombir,' men asi. in 
intensity, and tliebioad faint bantl with a inaxinnnii at i 17s. -.liifn-^ to i g-:; 'The 
two bands 41^^ aiul sb.ehtly deerease in tlieii widtlis witli iiieieasnie ti in]>Lra 
tnre while the other three bands iiieiease er insidL-ral il\' in svultli Mou’ 
conspicuous are tlie intensity chainj^cs in the liaiids. ddu inn’d pioniiiunl 
intensit\ chan^wAs obsei \ ed in tlie lo^n band whi(Mi at laboratoi\ teiiijieraliiie 
a])pcais as a feel>le »)ne on aceoiint of tlu* jaolrible jnc'SLnce ol a slielil Irai'r ol 
water in the acid and tlie subsequent fonnation jaj the ]b"^(), loiis At the hiyhei 
teiniK'rature the band increases In intensity and l)roadeiis itst it with a sinek 
niaxiniuni at loSp. The ii7Sllne on the (dliei hand deereases in uilensit\ \\it]i 
increase (k temperature 'the 57P liiu* is less in intensite than tlu g i,". one at 
laboratoiN' 1eni]>eiature, l)Ut at the hi'diei lenii)eratni e the 57M line imujise-, m 
intensity such that the 571'^' and gab lines aie more 01 less of the same intensit>^ as 
is cleat ly seen from the curves. 


I ) 1 s (' P vS s I ( > N f ) I ■ 'j' 1 1 j- k n, s 1 ' iv T s 

The fact that eac’h liand in siiljdiuric acid consists ol 11101 e IImii one 
niaxiniuni and that there is a shift in tlie imwim.i acegmqianied by an alteration In 
the band width with correspond ini; intensity chaimes sue.c.ests the c'omj»osite 
natuie of each band as excited by more than one ty|)c ol ions d‘iie anttiru 
a,t;recs with Wuodwaid aiul Hornet in the abr>\e observation in spite ol p(‘]l and 
Jeppson's failure to detect transitions in the fref|iienciLS of the maxinic. on 
succevssi\x‘ dilution, by wuaking witli the ai'id at flilntions iiuaeasniy b> at a 
time, bell and JeiJj>eson tried lo detect particulai t'onccnli alions al wIjrIi llu v 
cfnild see botli the maxima aiipeariiiy siiniiltaiieoiisl} . 'riu'\ obsei\tal a pro- 
yressiv'* shift in the maximum of each band aiul heiue e.Jiu hided that it mav I>* 
due to .a mere' dilution shift. 'This obseiwaition ol t lung-, does not disj>io\’e the 
assumption that the band is excited ])y diflerent t\iies of oscillalois. With 
increasiin^ dilutions theie is a piokiessix'e formation of IIS^P, and St ) 1 ions and 
so if one eornponeiit due to one tyi>e of oscillators <lecreaM'S in inlLiisily tlu.' other 
due to the other tyi>e inciexises eorresi)ondin.elN and tlie Ijleiidim.' of these 
components results in a shift in the intensity maximum. 

A conqiarison (;f the results olilaiiied by increased temperature witli tliose 
obtained by dilution of the acid reveals a similarity m the Lilects obseixed. As in 
the case of dilution, the 55S maxinmin shifts to 57>i and the maxiimmi shifts 
to the shorter w’a\'c-lensl]i side to giS. Tlie 105M lijjL whieh is (iiiile feeble at 
the laboratory temperature increases considerably- 111 inteiisily and the j 120 line 
decreases correspondingly with a shift in its inleiisity maximum Uiwurds highei 
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fic(jiu*iR:iL‘s. Tlic-ic r[\u ht no doiihl aljoul tlii^ of the 1050 Inio to the 

nSHj ion and hence the inciease in intensity of Unit line with teinpenitnre 
j)iovitles evidence for the dissociation of tlie acid intf» HS< hj ions at higher 
tenii>ei atures. I'he siiiiilai eflec'ts noticed on oilier Raman lines also support llie 
view about tlie dissociation of the acid at hijjher teiniieratures The appearance 
of a faint line and .jOb inaxinniin at 200' C (marked by arrows in the jiicluie) 
indicates Ihe foimation ul ions also at the hieher teinpcratine. 

As can lie siR-ii iroin table e, tlie width ol 111 c lines nnderyoes sii^nificant 
chan^jes w ith temperature. As has aheady been pointed ont^ the lines 53cS and 
55b sh\chtly fliminish in iheii width, while the othei lines gjb, T050 and i t/S 
iiK'rease considei ably, dlioiiph no exact anal>sis (d these bands into th^ir 
com]M)iients can be attc m])ted due to theii inherent diilnseiics^, these chances hi 
widths and shifts in the intensity maxima can be taken to indicate that taeh band 
IS excited l)y more than one ty]ie of molecules as already discussed. 

( )m‘ other iioint re(|uiies elucidation. The lines 938,558, 1170 and i.V\5 
are attiibuted toThe 1 T>S( ) i undissociated molecules. ( )f these, Rainakrishna Rao 
assigns the 55S, 1170 and 13(15 lines to a tyi»e molecules even in the 

pure acid, ovvinp to the fact that similar frequencies are found in S( )_. solution. He 
further refeis to the fact that at increased dilutions, the lines 558, 1170 and i3()5 
disaiipcar quickly as contrasted to the ]>ersisteiice of giS^ and hence su^4^j;ests that 
the S< b>(< dl type dissociates more rajndly than the type. There is 

evidenc e for the existe nce vS( )o((. )H )i> molecules from the recent work of 
Venkatceswaian,'" who obtained the Oil band with pure sulphuric acid. In the 
author’s tempciatuie work, there is 110 cxnilrast in the diminution n{ the intensities 
of the lines. On the othei hand, the giS line aiipears to diminish nioie tlian the 
S7b line, 'riiis indicates that inciease of temperature does not probably dissociate 
the molecules of tlu- lyiie vSOolOlT),> as ellectively as is done in the presence of 
w’atei . 

Till,' Liuthoi liikcs gieal I'k-.iMirc in tliankiii'> Dr. T. Uaiiiukiishna Ran uiulei 
wliosL’ ;;u iclaiua.' this work was uiulci laki'i) . 
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THERMAL COEFFICIENT OF ROCKSALT BY X-RAY 

REFLECTION* 

By Sl’DHENDU B^SV 


AND 

A. T. MAITRA, M.Sc. (Pat.), 

Goverurneiil Research Scholar, Science Colle^^e, f^atna. 

[Kcccji'cd fin InibliCLilioii^ j;/// \iiyjisf^ 

Plate VHP 

ABSTRACT. Thermal cocTricic-nls of I'xpruisiinj fc'i rock^nlt ha\e invc'f La 

the X-ray n flection nutliod fiom 30' C to It has hetn aho^Mi that valius c.f thi 

roefFicionls \Aill A'ary accurdiiiL^ as nu aii, true at /I'lo rncH’icuiits are (onsjik h d 

The expression foi calcuUilJi),; the distance hctwt'eii the ( 1( avaiA' pl.iiic s of rocksall at 
different tein])erriUire'^, nj) tr» the rnn^'^(> investi^'utt-d, has heoi fuuml (mt to he 
Fid- -ooon.iKj^l/ — ill A units 

Thcfflt'ct of temperature on the intensity of retli’rtif>n fiom tin el(‘aA'ata‘ face of rorksalt 
has alsc^ been studied for a few teiiii)era lures ranj^ini,:^ up to ^urCC'. 


1, T N T R O n TiC 'r I f) N. 

Rocksall pUiyb an impoi taiil p;irl in (he sludy of X-radiatioiis. All X-ray 
wave-lciiRth nicasurcnicnts u'illi ciyslals arc made willi respect (o iiu; .eiatnip, 
constant of rocksalt which lias been li-xed at ^lii-poo X units at i8"C. Distance 
between ])lanes which are paiallcl to a eleavai^e surface of roiksalt Iiad been 
calculated to he x io“'''cnis from the knciwledee of its slriietnre Tliis 

determination involves the knowledge ot the density of the crystal whii h vai ies 
with temperature and of the IvOSchmidt’s nnnibei- 'riiis value of ' d ’ has served 
as the basis of all X-ray wave-length measurements with c'lyslals line to large 
crystal imperfections in rocksall there is not niiich sliarimess of lines witli all 
specimens. This eharacterislic of rocksalt and the diflieiilly of using it in all 
climates and the inaeenracy in tlie value of density ha\'e led to the diseaidiiig ol 
this crystal ill favour ol ealcite wliu'h possesses about the same dispersive iiowei 
as rocksall and good samples of which are ea.sily obtained. 

The grating space of ealcite has been measuied vci v aeciiiately, on the basis 
of that of rocksalt, by Siegbahii ' at 18 C. The value of grating sj-aee has to be 


L < 1111111111 nr.'ilc*! by the Jflivsicul Sfu ictv. 
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r'urrcrlud \\ hen n nicasiiu-irient is ina<le at any other leniperatnrej and SiLL;^l)ahn " 
has iiiflieaU'd in liis lw)ok how to ol>taiii the eoneet \Tiliie after inakin.e, allowance 
lor tlierinal expansion for all oidinarily usul eiystals hnt not for rocksalt. 
Pel ha]>s this lias been omitted het'aiise ol its restricted use and absence of reliable 
Willies ()\ its tliei Dial coeflicient- ( )n consultiny the liteiature on the subject i1 is 
ioimd llial till i inal eoehicienl ol loi'lssjiit has b-een deternniKil by \’erv fe\^' workers 
and iioin wdues of this constant yiven in table 1, it will a]>pear that tliere is ip^ud 
diveieeiiCL and this coi^dluaent inis not b.eii s\'steniaticall v in\\‘Stit;ated over a 
delin lie 1 anye ol Il iujil i aim »s 



In view of the iinpoi lance of rocksalt as the lusis of all lattice distance 
nieasunaneiil for X-ray ])ur[)oses and because of its extensive use for yseatei 
lellective poweiy investigation was undertaken b\^ the present authors to find 
out the \alue ol tlierinal coelficienis over a wide raipee of temperature and 
incidt'iilallv to determine values of ' * at various leinj)eratiires. 


’ i\ X p n: k 1 M n: n r. 

When a beam of X-rays oi \va\'e-lenytli A is incident on a crystal in a 
dirc*cti(m makiiik a ipancinL; anele with a sei ies ot alomie planes whose spacin,^ 
is ‘ llie .si)ectruiii (^f the atli order may be taken as produced by refleetion at 
these planes if 2 d sin 0 - nX (i). At a higher temt>ei ature, tlie value of ‘ cf ' will 
increase causing a disi)lacenieut of the reflected line towauxls a smaller glancing 
angle 0' and the spectrum may now be represented by the relation 2 d f sin 6>'=»A, 
d' being calctdated from the luwv jmsition of the line and u and A being known, 
d ( / the spacing at the temperature L I)eeouies kiiowTi. 
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Thennil Coefficient of Rocl^saU by X-ray Reflection 

'I'liis pniiL-iplL* WMs nliIisL-,1 hy R. W . J.uiu'^ " in limliii,.' diH tli.- vnlin- nf 
tlicriTUil I'O'jriicient r)f rocksalt l>et\vcvn aiul C in nnniiut lion with his 

work on the iiidncnrc of K'nipunituru on intensit\ of refiei.lioi) of Xui\s foun 
rocksnlt. As his invest iiial ion was ]>riniarily fh-voteh to tlu inlliioino of ioinpoia 
tnre on intensity, no yreat eini^hasis had been yjven in this pail of tlie inve^liea 
lion. He followed Hraii^y-’s method of measuring anyles with iiHiisaUon eli.mihois 
and as sneh, anyles measured eonld m^t he obtained with siiriitnenl aovnnaev. 
Hence the pln)toyraphic method was folhnved in oni iiu'esl ie.alions on the Inu's 
followL-d by K. Heeker '* and others. There is no ilonbt a^ Ihof lham; i)nls it, 
that the metliod is very direct and the result ('aniioi niidei ordinary puaMUtions 
be affeeled by any ehanye in the position of t!iu erystnl or aii\ tlislori ion ol Ihe 
apiuiratns.” 

A iw)od speeinien of rocksalt crystal was ]iieketl np IVoin a hnnp bmhdit 
fiom the local market and it was cut to i»roi)u- si'/,e with exlrune laue in (aaka to 
aN'oid any dislortimi. It was tlien tested f^n- the intensity of n ilection as it is om 
experience that all crystals do not reded to the sanu extent. That tlr, lelleidine 
r>ower of oitr erystal was very may l)e seen fi om intense photoerai)hs b. e, d, 

etc., (jf plate VI 11 . d'he weaknCvSs fd the lines of li.eine (a) is diU' to the lael 
that the pieee of locksalt used foi temi>eratnre /-)5o‘’C was difiei ent from that 
used in other experiments. 

James and Ikicklmist * re[>ort that even wdth yo^'^l <-TVstals of loc'ksalt die 
intensity of redeetion l^eeoines smaller aftm' c'ontimied lieatiny and that the eileet 
is miximnm with the tirst order redeetion Irom the roo face and thr ellei't 
fieconies less as the oi’der of ledeetion ineieases. We had no didieulty on tliis 
seore. Oiir siiecimen of loeksnlt ivas ])Ut to a lot f )f i n elim inai y iieatmy w he n 
the lieater was lieinQ' designed and tested. In spile ol this, as om Sf k‘cI ro^n ains 
show, there has not laeeii appreciable reduction in the inleiisitN' in the Iirsl nrdei 
of redeetion tin’mfdi Ike time of exjiosLire Was only J<> niiiinles w-itli tube c inient 
30 m-jV under 50 k-V. L'onscipieiitly we have liiKeii all obsi 1 witions ui the hist 
order of reflection and we had this advantaiiv o\a r Jaimes that we could increase tlie 
intensity by iiicreasiiijA the time o| e.xijosnre 

The eiystal w'as raised to a hi^^b temj)eralure by adopting the follr)i\'in;-, 
method; A piece of iiiiea was taken havine. a surface sli-lith* greatei in area 
than the back sniface of the crvsUd. Nichroine wire No. eb was useal for 
eiving a few' tiirms over the mica pie('C Ihe healing eieincnl thus ]>H]jaitd 
was pul in l^etweeii twai tliin pieces ol iniea oi tlie same si/e as the LlLiiiLiit 
The crystal of rocksalt was laid over a ihin plate oi brass and the heatiiii; .aemeiil, 
lield beUveeii two jiieces of mica, was placed in contac’l with the liiass i)i(.C(.' 1 he 

whole arrangement was tlien mounted on the crystal ^ ohki. 'J'he i)rass plati was 
used in order th^ there might be uniform distrdmlion ot heal over the wlnde 
of the crystal surface, 'riiiek pieces of mica wen put in the base of Hr ( lystal 
holder so that the heat miglit not be condm'ted lareel\' to fUhei nietai paits of 

2 
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llic siiertruiuetcr. specially the i)late holder. It was noticed that the tempera- 
tme of tlie body of the s])eclronietcr was only - or :uleerees higher than the 
room leniperalure. Special precautinn was also taken to keep the photographic 
plate at tile rofau teinperal me. Willi this arrangeineii r tlie tcMiiperalure could 
be laisi'cl to ^5r) L III ordei to increase the range ot temperature further, 
another heating element having a rectangular opejiing at the middle portion, 
was placed in eonUu i with the front surface of the crystal Current was supj)lied 
fiom a battery of accuiiuilatois of nearly :m volts and the eunent was adjusted 
\villi a rheostat to attain dilieienl lenit^Lratures 

The tempeiaUire was measured by a thermocouple of copi)ei 'Constantan insert- 
ed inside the crystal, into an (aihee bored from the top of the ci^estah 'The hol^ 
\^'as tlieii cimipletelv hlled up with rocksalt powder U) have goo.l contact with 
the smiace The e m i. generated in the c()ui)Ie was measured direetly vvdth a 
theniio-coui)le poteiitif) meter supplied by Cambiidge Tnstrnmeiit Company, 
Limited. The potent ioiiieler readings were carefully tested anrl the couple was 
calibrated against the l)oiliiig iioiiit of watei and melting pf)inLs of suitable 
metals, TT'om readings so obtained a teinperalure-e.m .f curve was drawn. 

d'o be suic about the unib)rmity and steadiness of tcin])ei ature the crystal 
vvas heated for a suriicieiitly long time till the galvanometer deliection was found 
to reiiiain sti!aily The exposure was only then started As the exposure was 
given mily for ten minutes, there was little chance of appreciable change in teiii- 
Ijcrature. which wans however w’atclied by the change of galvanometer deflection. 
Sharpness of lines obtained at high temperature indicates that the temperature 
remained fairly steady during the tiiiie of exposure. 

K radiations from a copper target of a Hadding-Siegbahn tnlie were used. 
The tube was worked at y) milliamperes under a jiressure of 50 kVb for all 
exposures excelling that for pso^C and the time of exposure was to mts. in all 
cases. As the time of exposine was slnat, the rating could be easily coiitrollecL 
To cu.sure the sliar[)iiess of lines the crvstal was rotated with a | degree cam 
wuuked by a clockwork arrangement. 

y\s the dis])laeed line at high temperature lies towards the decreased 
glancing angie» the corresponding angle was measured from the relative distance 
of and lines and the line under meaMirement. The rekitive distances 
were measuied with the liel]) of an accurate comparator, sui)plied by Adam 
Hilgcr Co j lAd. v 


3. X P U K T IM E N T A L R E S TT L '1' 

Values of \i\ the distance betw^eeii successive reflecting i>lancs, corresponding 
to lines at high teiiipenature, w-ere nieastirecl from the \vell known relation 
mV— sin for w'hich the value of copper K« radiation was taken from 
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vSicgbcilin’s book, latest edition. Voi the purpose ol out iiiVL'.tieat ion o(il\ 
radiation ^Yas eoiisidered but in a few I'ases tlie value of b/' was eal<'ul:iKn! 
])Otli for Ka and lines and it was found that values ilius obtained lot Iwu 
dilTereiit wavc-lengtljs ai^reed well \niiK*rieal \alues ol 1/^,1) b^t \aiior'. 
teuiperatiues are given in lable II. ( )bser\ atimis WLie not tnatle at equal inlet - 
\'als of teiui)erature as it was ftnind more c'onveuieitt to ineasuie tla sIl.kiv 
reiui)erature readied after the heating eurreul had been altered to a jiew 
value. 

Tahu, it. 
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On plotting values of ‘ d 
it is noticed that the change 


against tcniperat me in degrees eoiitigrade (lb-, i) 
of ‘ d ' with tcniperalure is ([uite regidai and 
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]);iral)<iljc in iiaUirc I'oHuws nearly a slraifilit line np In llie tenii)cra- 
line inx'C'M ipated l>\ ns It will lie not iced that nnr eraph when pruduecd back- 
wards passes llirniipli the vahie nf ‘ ilimi ' at ib”C A) as riiven by 

Sieebidin. 


). 'Ill 7.; J< M \ P c I) ]• I' I TCI !■: N T S 


'I'he ('oifllrienl nl t.‘Xi):nihi()n oi ;\ solid iiiny l)c raUnilrilu'd in Uivl^o ways 
aC('o](liiiy lo Hr- iiaturL' ul llio oocflR'icnl to ]>c dclcnnincd. ’ ^ 


11 I (k'ii(>ks tlk_ Iciiyll) ()1 a spoi'inu^n at lcni]»ei aliiR* / and /' its at //, 

r - 1 . ^ 

tliL'n iiirasnix'S tlu: mean cuL'lliciciit of expansion between twf) teini)c'ia\- 

Unes aiul /. A<’ain, if /denotes (lie leiiatli ol specimen at leni])eratnie / and 

/(> its lenedli at tlie tine eoellicieiil of linear expansion al / will he ^ 

^ / di 


and tlu: zero eoerficienl niav l)e expressed as — 

/(» di 

Solar as onr information ,e,oes, no w'orker lias paid attention to tins dirier* 
enee in the way of ('onsidei ine, tlie ('oelJicieiUs of exi)ansion, it is necessai y 
to eonjonn to (nu' deimed juelhod of ealenlaliny, this im[)orlant t'oeflieient as the 
\'alnes of thej mal eoeliu'ients willdiliei aeeouhne to the expiession employed in 
the ealeulal ioin Mx' have attempted to study and calenlate thethcimal eoeffi- 
eieiits from all thCvSe dilTereiil s1and])f>ints. 


n 

f' 
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Menu Tlii'iiuiil < 'ociiicu'iil. 

Tl)c‘ nicai) ihcniial cocllick'Hl " bclwccu aiul / i.s a inui’hon ot li iii- 
puraUiiL- and may be cxures^cd by llic equalioii m — a I hi I cl' ’ wIumc a, and ( 
are cniistants. in lalile 111 are y,i\cn llic values nf lliis mean eueHicknl lulw^en 
iS‘'C and liivlier tempeialnres and tlie chanj.vc in tile values of <j uitli Mh' i is^ ol 
t< niperatnre (/-iS) is idveii in fii,eiire j. iS'^L' lias been reeandul as tlie standaid 
teniijeraliiie because of tliu most accurate valiK' of at this lemjjeialiiie, wliicli 
is known. 

Taih.k Jll. 
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Tile L;ra]di in li^! lire :■ reveals tiiat this mean I'ceflKaent varies b)ll(avine, a 
cuive similai 1o one <.f sjj. heal a^j,ainst lenijieiatiire. Aveia.ee value llins obtained 
a.erees with that of many other o])S(.-i vers. C'odhcicnis in table 111 have been 
calculated from exjieri mental values. 


Tine llicnnal i 'ociliricvL 


The true coeflicient /:> = 


1 dl 
I dl 


is calculated by l.nouine 


dl 

dl 


Irom the 


.slope of the .yrapl) bet wt'en '(/ ’ and teiiipeialuie w b'ich is fairly a straiejit line 
and taking values of ‘ d ’fiom the eraph at deiinili leiniieialiires. Values thus 
obtained are .eiven in table IV. 


Taupu IV. 


1 

Temperature T". | 

i'nit tliennal ( O'. fficK lit / u/' 

T5''> 

I 

200 

4 i *32 

250 

41-24 

300 


35'^ 


400 

40T;rj 

kS*-’ 

i 4 o«Ko 


Average value’" /| 1-15 x le 
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True tlicrnial eoefiicieJits have Ix-eii j>lottc(l against teiiipcroturc in figure 3 
and llie eurve appears to eonfinn the ex'iieclation that lliis coefficieut will vary 
inversely :is teiniJcralLiiv as llic relation demands^ since I varies directly as 
James lias round the coelYicicnt of expansion to be linear over the raipue from o^’C 
to 5oo''C, which should be nearly so when true coefficients are plotted as our 
shows. 


y.cro Thermal Cocjjicicai ^ 

Of the three Ihennal coefficients of expansion, tlie zero coefficient, 

^ will icniain constant over the laime of tcnijieratnre for which the 

curve between ] and i is a slvaiLi^ht line. Therefore, whenever tlie vaiiation of 
length with temperature has to be re])resented by a simide relation of 
the nature l — hih+yO, coefficient of expansion lias to be 

used. 

Now’ the variation of rtie lattice distance of crystals with temperature is 
represented by the relation ditfi +a(f — iS)}. Therefore this coefficient should be 

calculated from the relation . We have evaluated the value 

fiiB 

of from the slope of the graph in figure 2 and got the value of this coefficient 
( 5 / 

for vocksalt to be 41*62 X lo‘"^ 
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W. Geiss® lias slated that the lattice distance of roeksall should eoirectcd 
by the equation d, =2-8 1. ion [i + -0000 105(1 As llic p.>|.ci of ('.uiss 
is not available to us, we cannot say how this value was airiNvd at. Acctiuline to 
us, the equation for correction should be d , -j Si |on[i -f -ooiu) ..|io::( /--u;) |. 

We have also attempted to see whether the change ol leiii]>erat ma !)riiji.;s 
about any peimaiieiit change in tlie value of ‘ li ‘at the room temperalnre and to 
a certain extent whether theic is any appreciable leduction in the inlensit\' of tin 
line as James suggests. 

To test the iirst i)oint, at some temperatures the i)lu)togiaphic plate was halt 
covered with a lead sheet. l{xp(»sure was given at the lotmi tem]*eiatn]e and 
then at a higher temperature ; the lead plate was then removed anti the exposure 
was again given at the lotan tem]>eiatnrc- In some cases exposures at dirfeient 
temperatures were given at tlie same position of the plate with a portion of tlu' 
plate coveied with a lead sheet. Siiectrogiams of K line for V'"C in i , d, c and 
/ of plate VIl reveal that there is no displacement of lines taken twice at as it 
should be if theie were any permaneiil change in the value of ‘ d ' due to intense 
heating of the crystal 

In our series of exposures tempeiature 300^’C was tried first and was 

tried later. But on comparing the inleiisity of so'C lines as measnied by a 
mic'i o-photomeler before the crystal was raivsed to ^^oo' C' and t lespet'lively, 

we notice that the reduction in intensity i.s only ao ]).c. Theic is no donl)t that 
there is some diminution of intensity when theciystalis heated but w'e doubt 
whether it is of the same degree in all specimens of crystals. 

.s. I N r IC N S I T Y 0 V R K f h Iv C T I O N A T [T T G H 
T K I \1 I* )•: K A T Tl R TC S 

It is clear from simple considerations of moletmlar and atomic molinn due tt> 
heat that the atoms in a crystal lattice vilnale al>out their etjuilihriuin positions. 
This movement of the diflractiiig centres from theii eqiiilihrinm positions due to 
the rise of temperature has tlie cllec't of lowering the intensity of the relleeted 
X-ray beam. When a siiHicieiitly high temi)eratnre is readied, the chancu 
of inlerference \vould be so much lessened as to reduct' tJie intensity t(> 
zero. 

Intensity of rellecLion at high temperatures irorii the mo surface oj locksalt 
has been studied by many workers and tlm work of W. II. Bragg. lhagg> James 
and Kobaiiqucl " and James and liis co-vvorkms may l.c- laim'ipally mmitionL.!. All 

these investigations are confined to llic study c>[ the sti lutuu’ faeloi .iiu of the 

validitiy of Debye’s formula /^ — Jt/’ wheie 

f = atomic structure factor at absolute temperatme 1 , 

T 
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/o — atoniir slmrturc faelor wIkjii tliu atom is at rest. 


ami M = 


3/r' / v>(\] 


IN 

or of Vv’tillcr's' ' nioilUicalioii , 


sJii" ff , ■ w 0 

. ,A hcui;; equal to 
A' 1 


If is llif coiucted iiilc.iuatud lellection at al>solule teiiqjeratnru T 


1 \ that at aii\ otliei lenii *c*rature 'J‘ tlien K cv c and R \: 

'i, • T,\ 


and R 
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Therefore 
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iiitvoflnced by the ehaiii:e in the value of atiKle as the temperature ehaiiges 
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I'roiii the ex[ >ei linen lal result we can calculate the vaiue of the left hand side 
of this exjiiessioii. Substituting this calculated value in the expression we can 
calculate the value of ©, the characteristic temperature of rocksalt. 

Integrated reflection Avas obtained from micro-photographs of lines follow 
ing the method adopted by D. K- rMomaii.^*^ lirrors arising from nonuniformily 
of the emulsion or frcmi development were none, since the lines to be compared 
together wA^re close to each other. Voltage of the tube and the current passing 
through it w-ere carefully controlled and as the time of exposure was slioii, 
there cannot be any error on this account. 

Repioduclion frmn two micro-jdiotographs obtained for lcm])eratures g6q L 
and is given in plate \T 1 I. From it the rapid fall of intensity of reflec’ 

tion with the rise of temperature as also the displacement ol X-ray lines both 
for K and may be noticed. 

In table VMs given values of — ^ considering the reflection at 30 to 

R :n) 
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iI5 


Tabi,k V. 



Ftgtt<e 4. 


R 

In figure 4 IS plotted against tc‘ini*erritiux. It is noticLd tlial tlie inten 

: } 1 1 

sity of rellecLioii falls vciy rapidly as llie tcinperahiu lisus, Moixowa it appears 
to fall more lapidly after 4oi:)''A indicating theicby that tin elTcct of tcinperuturc 
on tlie intensity of rejection is not covered ]»y either I)el>ve's or W^aller’s eciualiun 
— an observation recorded also by other workers. 

Asa test of our measurement the value of the idiaracteristic teni[jerature 
was calculated from the relation given earlier and vai\ie olitained by agreed 
with that of others nur invesligalion being (^'iircnied with the deter- 

mination of thennal co-efficients, elaborate measurement on the eflect of tempet- 
ature on intensity of reilectioii has not been tmrsued, [>rimarily due to the fact 
that the case of rocksalt in this respect has been adequately iinxsligated. 

3 
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In t'rmclusion wi; ofter nvn hi-^arlicsl thanks to Prrif. K, Pios,atl, B.A, 
fCaiitals), I.P.vS,, ff)r siii^^^CvStin^ IIil* i>n>hlL‘iii and for liis IiituiL's! in the \\ oik. 
One of ns fA/r.M.) is i^ratefnl to tln_- rrr»vt.'inniLnt of Iteliar for the e, rant of a 
soliolarshij) wlnVli lias mnildod liiin take part in tin's A\’oj k. 
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DYNAMICS OF I HE PIANOFORTE STRING AND THE 
HAMMER- -PART 1 (HARD HAMMER) 

Bv MOHINIMOHAN GHOSH, 

Burdwan Raj College (Bengal). 


{Ri‘i civi'd i(n l^ubhciitio})^ Auyjisi 


ABSTRACT. L»yii:iiiiK's of Ur il.nupcd anfl IIr- luiul IjainiiRi lia:. 

workt'dont hy iJiL \\(ll“lv]insMj f)pcraliMn.il iulTIumL TIr nuiiii upon wfinli tlic 

dsiRiuiic's is buill up is lluit Hu- slruip. hc liaM-.s iiku a lo{id('d slfinj’ so loiu; as llu‘ haumRi is in 
Ooiilart U’itli it d’ho clilbuTil rasrs haw hull unikcMl nut ’ (ij 'I'Jr' hainiiKi strikes \civ iirai 
llu ftid. T]RU’XpU‘Ssiuns lor LIr displauaiient and tin* prc's,suu* wIrii the is tru liom 

daiupii)^ arc fiiUTld to 1)1 the saiiu as thosi i,;i\'Lii In Rautiuauii. Jiiil tins inethftd docs ml 
rujuirc to assuiijc like Kaufiiianirs ihat the shoi tci ,si giiicnt vibrates as a ii^id md ilurni|; 
impart wlifcdi hijwevci goes ayahrd cxpciiinciilal nhsci v.dioiis For massive lianiiiiei, expies 
sions rediu'c to those that were obtained indciieiuletillv in a diflcieiit pajan. (.*) The KRiieial 
ex])ressioiib lor the displacement and pressiiie ha\e been also obtanu d, lor tlie stiinp siiui k at 
mid-point. Knufiiiaiin tiled this willi tlie hel}» ol vSl. \ eiiant s V'ariatioii f)t mti'^P'alii »n <'mii 
staiit.’ but ilie method fails to ineliide tlie damimip ol the stiiiij.^ and also lad- to ipAe i;eiKiaJ 
expj essiuns. (^yl The general i th( same aie also i(jven tot the sum mimitt stiiii).; 
struck at diileitnt points fmm the finite emh Fas also tried tins witti ttu liel]) nj tin irathod 
adopted hy Kaulmann but aiiived at sonu- alpebraieal clitticulties. 


I N T R 0 n n c T I () N. 

The dynamics of the piaiiofurtt slriu;; and haiinui.i was stiidk-d a nniuhci 
of workers. KaufmaniP studied tlie case where Uie hard hammer strikes \ery nem 
the end, and at mid-point. Next S. Bhaigava and K. N. Ghosli^ and aftei wards 
the latter writer alone studied the case of an elastic hammer striking mar the end 
of the string. P. Das-' studied (lie oust of the hard and elastic hammc-r, striking 
at different points of a semi-infinile string, and pointed out a certain chscrepaiicy 
in Dhargava-Ghosh’s analysis. Kainan and Banerjee"* tried to apply Rayleigh s 
theory of loaded string, to the case where the string is struck by a liard hammei . 
The expressions for the displacement of the loaded point ol the string and the 
pressure exerted by the load, come out m the bn m of an mtmite seites. Such a 
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solution of course- a\siiuh ilnil ih( slrniii ldkI iJic load constilnit' a siabJe sysiou 
and w-t (hi siiiny rcuodns (u njianenU v loaded , hut in the casu of the struck 
strin^^;, it is ieini)orari]y loaded, the duration of loading heiii^ equal to the dura- 
tion of iinyjact . RcceiUlv K. X ( diosli ’ usiny: the same operational method as 
was used ))y Jcfirt'vs^' tn sohe the [»i(>l)lem cjI tlie \ihratioii f)[ a striiiy; jicrma- 
iieiitl> loaded at tlie centre uoiked out the case u herc the load is attached at any 
point of a finite string and arrived at the e:^pressioii similar in that of Raman and 
Haueijee lyny.ei, ' iii a j)apei, made rm attempt to test the con very; cncy of the 
infinite series obtained l)y Raman and Ranerjee. Hut these workers, as is evi(|eut 
from their analysis, do not difterentiate the dynamics of the permanently loaded 
stiine from the- dynamics of the piaiiotoi te striiii; and the luuiimcr. Kar'"^ pointed 
mit that while ai)plyiny.; the analysis for the loaded string, to obtain the solution 
of the \filMati(in ol the inanoforte^ so loiiy>; as the hammer is in contact, the idea Of 
series should be aliandoiied. 

None of the iirevious theoj ies could ex]>lain quantitatively some of the 
ex])erimenta] facts, such as the dependence of tlie duration of impact cm the velo- 
city of impact wlien a fell liammei impinyes owi a striiye : this was ol)Sei‘ved by 
Kaufmann, (ieornc,’^ Weak^^^ and the author.* * 

In a SfM'ies of paiiei's the writer alone,* and als() conjointly with Kar,^'‘ pro- 
ceeding in tile same line as was iKiinled out Hy one of the authors, extended the 
Rayleigh’s theory of loaded string to the case of the pianoforte vString struck by 
hard, elastic and felt hammer. loom the general solution so ol)lained, it is found 
that ilclinholl/’s, Kanlinaiin s, Deleinerks, Das's and other theories come as special 
cases. 1 his is also able to explain tliu dependence of the duration of con- 
tact on the imi)inging v elocity of the felt haimiu:i . 

All the al)o\'e theories fail to rejiresenl the cxnnydete dynamics of the piano- 
forte stiiug, shuck tii any poiul of a Iniilc am] loi any mass ratio of the 

liammer and the string. 

In this pa])er which ivill aj^peai in dlfiercut parts, the author will .study the 
eomj>lete dynaniic.s, follow ing (>perational niethod due to Gk Boole and after- 
w aids developed by U. Heaviside.** These operational methods to some extent 
aic equivalent. Only diileveiiee is, that, Boole s method leaves the integration con- 
stants to be delei mined sei^arately, and Heaviside’s method does not require it. 
I he foiinci metliod w as adoyited previously by the author to solve the dynamics 
of the longitudinal impact of a bar aud the elastic load, and the latter method 
was atq ‘lied bv H. Jcllieys to obtain the expression for the wave propagation in 
sti iiigs peiinaueiith loaded at the in id-] )oiiit, and in strings with continuous and 
t onceiiti atexl loads ]3einianentlv attached to them. We shall also study the criteria 
w hich mathemalicalJy diUereiUiate tJ)e dynamics of tlie loaded string from th.it of 
the i)ianoforte string and hammer. 
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H X 1> L A N A T ION OF T H F S V M li ( i J. S V S ]■ 1 ' 

/== Length oi IIk* string a + /> , 
t?™vSliortcr segment of tlie siring ; 

^“lyonger segiiiuiit of tlic string ; 

/—Variable time ; 

.X” Variable, measured along tlie lenglli of tlu- sliiiig the* striiig is lixed 
at x = o and a —/ ; 

A 1 = A -« ; 

3^ = Displacement at any i)oint o 1 llie strine al a gi\ eu liiiK 
— I)is])laccnient of the struck point, x~-ti ; 

3*1 =Disi)lacement at an>' point, v , 

V2 — Dist)lacement at any i)oint, a >a< ; 

/s'^Coeflicicnt of danij^ing ; 

/)~Ianear density of the string ; 

]\] j “]\Tass of the shorter segment of the string ; 

.<1/2 - Mass of tlie longer segnieiil oi stiing ; 

— Mass of the string -i i\ 7 o , 
a?— ]\lass of the hamiiier ; 

r — Velocity of the transverse wave motion, along the string ; 
r = l'cnsion along the stiing— (“p ; 

— = Period of the free vibration oi the string ; 





i.„ = l-nO^ ; 

'i'o “Velocity of impact ; 

J — ; 

// — 'i'he coiiiin'essou oi tlie hammer ; 

=3'„ f n=Dis]daccinent of the hammer ; 
ii = JUastic constant for the material of the hammer : 
P= Pressure exerted by the hammer ; 

]j = Operator ^ ; 


T)i= D\- 
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Thf fcqu:itiou of motion of thfc dainped string is 

+ , 5! d-y 

(//“ di d.Y*^ 


(i) 


Xow \vc I Hit the usual nutation 1) foi 


a 

dl 


and 


consider 


dainiiiiig to be small ciiotigli so that its higher power tlian 
ivgaided as negligible, we get from (i), 


tljc coelTicieiil of 
the (irst may I)e 


d -y ^ Ih 

f/:\ L 


3' * 



'file hammer strikes at a — (/, and if be the displacement of tlie struck 
poinb then, we get, proceeding in the usual manner, 


sinh Dhxjc 
sinh D/a/c 




siiih_ Dk (/ “ a )/^ 
sinh Dihfc 


(i.O 


The hard hammer striking the string is supi)osed lo behave like a load 
attached to the string al v -rr Initially the string is straight, an impulse ] is 
given to tlie K)ad. T]\c siilisc-quent motion of tlie load is given In’ the esiiiatirm 


whei 


“ ^ ( a "' 
\ 0:1 




deiKftes the alteration in the \'alue of 


0 3' 

5 A 


... (.d 

iiicuned in cross- 


ing the point a —i/ in the positive direction. 

Now’ substituting the value for a( | as f 

(i,3)> in e<i. and imposing the boundary conditions we have 


)l)tained from eqs. ( 1 . 2 ) and 


m/J-j,. - ^iotli -^-’‘"+ colli 

whence we 


t 



. ( 2 . 1 ) 

( 3 ) 


(|) 
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s n :\i i-i N j' I N 1 r |.; s 'j' k t \ ; n \ m ic r s i r i k r s 

NM' '\ K Till' i; [I. 

When b is loo Uirue conipmcd \\ill> a, lh;it is, the haiiniiei strikes 

distance a of a senii-iulinite string, F(D) heroines, as 1 , 1 , 6->XR enlli i 


F(D)sp+ 'J' (r+ y r 

n/r \ 2D l\ t 


Now cotli — -- can he exjjanded in n series llius (; /(/( Appendix, i) 




u'licre Hj, B B:j etc. arc* Benioullian niinihers. 

(i) When the hauiiner strikes vcr> iieai the end/^ heconics \xrvsniall, sc that 


in the exiKinsion of coth ' - ^ \\e c^aii letaiii iii> to the second term, so cq. (/|,i) 


becomes 


f ( p) =zn+ - 'L ( J 4 J\^ )( ^ I 


VIC \ 2 V j\Ihci 3r 


:l 7)2 , + _eiLP..ir / « W_. r_/ ^ K cr 

D \ 3)M / VIC \ 3 r / mo \ 2 c 


(,s) 


From eq. (3) 


VI D 


/Ho ' {D - q){V - 1 >) 


voj as is a j>proxin lately equal lo unify {vidi 


eq. 6.4) ; so we have, 


y„ = ^ 


... ( 6 ) 


where q and p arc the roots of the equation 


772^ D 4 - x + 


and are given 


mnC \ .ic j ic 


( 2 = + 


P° -/r-;V 


f6.2) 
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and 


I + 


■/’ I H- ^<11 

2 C 


r- / . 2/w/ 
■ . “2 "ii h + 


staijcls for ^l- 


pa 


So w'e luiX’L* from eqs. (6) and (<).:?) 


T-'o "“/d 

V/. = -6 ^ sin r/ 


(6.4) 

1 

\ 

\ 

'I7) 


Wbuii the mol ion ol tlic strin^^ is fu-e from damping wc have /\ — o in cq. (6.;0 
and the LX] nession ( 7 ) hecnincs identically equal lovhat was f^hlained l»v Kouf- 
mann, wlu re \ve must rea<1 


'r 

2nii)C 


and V 


/ 7^ f 2 


/n(>a 4a7g(’ 


(.S) 


I nlikv. the present method, it is not jjossible to iiiclaele the effect of damping 
in the analysis adopted by Kaufmaiin. F^hirther, Kaiifmann assumed that the 

shorter segment diu ing impact behaves like a ri^id rod and used /a + — ( = mo) for 

3 

the mass of the hammer ui, wiiich according to him is the clirrfivc mass r^f 
the hammei . 

A similar avSsnmption u as also made lyv I)iis, in his i>aper {ridi- eq. 26 of his 
paper) and by Bharga\ a-(ihosh (vide eq. 12 of their paper). But the author’s 
analysis is free from such assumptions (vide eq. 6.4). 

In this case the pressure exerted by the liammer is given by P — mf/fj, which 
by the help of eq. (7) becomes 


p— n/ ‘ t> ^ ^ sin ( r/ -“tan" ^ 

r /P--V- 

where and v are known (6.3) or eq, (8). 

T ^ 


(q) 


(//) As the magnitude of e a we have 


me 


_T 

via 


So eq. (5) becomes 
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whence 


3’a ■ 


P 

1)2(1 + I' 


Ka 


3 ;// / tUd \ 


/ * 


taking to be equal to unity, aao liavi 

?;zo 


Vm >ii) \ci , 

c A 


A here > iAc arc tile roots of the equation 


/)2( , .|__/ilL)+ 

3^/ / til'd \ 2i' / 


is i^iwn l>y 


Ac 


Did \ 3 a/ 


. “I 


, V 


r _ 

ttm 3 n/‘ 


(rn) 


( 10. r ) 


Liq. (to) is saiue as ]n'eviously obtained in a clifTeiviil j>ai)er- 
(///) If a be tinite, but not small ciiou,i;h to replace coth ^ by the liisl 

I 

few terms of the expansion uiven in cq. (^|.2)t we have, from ecis. (3) and (.pi), 

1 




n, T (, + 4 ) (. 011 .^ + , 

})li \ 2/1 I \ P 




{1) \ q)-lh 


- P , e , 


w here 


,J2T_K\^ 2,^1 


Km 

■']pr 


( )n simplification, 

J " 


.Va = 


D 4 * q 


I- 

D H" q 


1 

- ‘‘o 


D -h q 


-h 


JJ 




( 11 ) 

(11. i) 


n 


{D^q)- + 


- If.- ■IKK, 

' (( D + q ) ’ in < q )' \ 


-■!- + + 


i D” 

/)"-' 1 

\ -n]t,0, 


'■ (7) + ^)” ‘ 

1 J 


=y 1 w) -1- fe [/«(« - , ) -/ 1 i)j + A'® [^3^/ - , ) - (.3/ - ) I 

+ + + fe" [/« 1 1 (a — — /«(/ — n^] ) J, 
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where {-vide appendix) 


D+ q 
D 

(D + q)-^ 


h, ■ = 7 (*-‘“'') 


• -f’o = /efO .qt 


D" 


t' — 4 ( 4\ — ^ f J r,4 - 1 Q" ('* 


«(•" 

3 r 


- 1 - .u(_)«-i 


“a! f 


and 


~r),.nll, 




■ ■ (11.3) 

... ( it . 4 ) 




k stands for r ^ 


The finst term of eq. (11.2) is zero for negative values of /; for positive values, 
i.r-, dnriii^^ o < f < ^1, 




■ •■ (12) 


.After the time flj.the second term no longer vanishes; we have during 
< t < 2 ( 9 , 


r„ v,.(o < t <( 9 ,(-‘’‘?fc 

<1 


1 — c 




Similarly during 2^1 < / <^3^1, 

q 2 ! 

during 3(9, < ( < 46',, 


i’„ — .v’„( 2^9, <t<3^9|) 


and so on. 


_T’o/>*'' /-‘d'-.T"!! (q'(/ — 3^1)” _ q ■(< ~A< 9 , )'d 

-q-., -J - - 3 ,- ' 


(12. i) 


(12.2) 


(12.3) 


From eip (2) the pressure exerte(J by the hsiniper, at different iuterv'als, is 
given by, neglecting the sign for the time being, 
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Pi -ZpVoC 




P2~Pi + 2l>V,^ck I 

P:i —Pa + 2in\,rk~ r [ 1 - 


m 

(l.)) 


P M + 1 — P„ + 2 pi\, ch I' " 




'C;,. - + - 4- - ( - )«."C, 

3 ! J(! 


(13.3) 


I-' 1 N I T n S T RING: Jl A M M li K S T K 1 K Iv S A T T 11 1 - M I |) . i* , n t. 
lu this case we put b = a in e<j. (<ij and we get for this case, 


F(D) = l) + q. coth ^D + q 
where q is given by eq. (ii‘i). 

The cq, (3) with the help of eq. (15) l^ccomes 

' 1 / = ' ^ 
y a 


(14) 


D-q , j 


{D+q)^ 


+J (D-^lV 

_ (D-q) 

({D + qr*^ 

(D^q) 


■iiDi. 


Vn 


... I),s) 


{vide Appendix, vii) 

= /l(f) + 2fe[/2(/|) -/|{f|)] +:jfc*[2y;;(/2 )-j/ 2(f2)-+-yi(i2)] 

+ 2 fe''[ 4 / 4 U 3 )- 8 / 3 (i 3 ) + 5 / 2 (<:!)-/l(tl)] 


+ +...+ + - 

+ 2k 






... fih) 
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Tile fir.et le'iiii is /.ern for e values nf limes ; lor positive value's, 

i.tj., dunii.u o < I 'C 

V.. ^ f.ii) -= "‘'J-Zl-e V ■■■ U6.1) 


y„ -/,(/)- 


1 )iiriii^, 0 1 <; / <' y 




,(o< /.<«,)- i-r " {i + qh) 


Duriiip, 

.V.. = y.,if>\<l<2«i) + A“l.l/ -.(/.j) - I 


Jo l<U<l<r^.-.0,) I |i - 


(i+ ql -2 + ■■■ (it). 3) 


1 Hiring 31^ 1 <t <Z 2 f* \ 

* 

ya—yu (20i<t<,T,0y) 4 - ““ 


and so on. 

Tlic prussurus extrted ])y the hanniiei at different intervals are obtained by 
the help of (2) and (16), and they are 


P, = 2nVi)Ce ** , 

Ta ^ P, + 4 rVoc.kc~ (1 - qt,) 

_ , 2 
P;i = P‘2 4f>VQCk'‘^C ^ ^ (j— 3q<2 + 


... (17.1) 


/ si 4 

= P;, + '■' I 1 + 4a’*t;, --i- 


... ^17.4) 


/';, =P4 ■*' .'ipi'oeA''* * 1 - yqi^ + - 




and so on. 
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When tlic liaiunKT ^Irikt^b wry iicai Uji.^ L-ml oi a slriiiL;, \\c Ijiul Itom 

Cl], (q) that, at / n lu'cssurc increases hy siuUlen jump, in nia^cnilnde 
w hich is equal to for an iindaiiiped string.. Then it CDiitmuoiisly rises, 

attains a maxiniuni value and ]iiiall_y falls slowly ti> /eio at the end (»1 the inijMel, 
the duration of which is given by P — (.e ‘ ( )n the (»ther hand, eunsidenne the 
rigorous expressions for pressure at different inteivals as given ])\ eijs ti^). (pyjl 
etc., we find that so long as the lianiiner i> in contact, the inessure lluctnales 
in a delinite discontinuous manner. The pressure increases !>>' sudden jmnp 
in magnitude at / equal to /.ero, whence it falls down slowl>' to a mhiiimmi 

value till at / ^ the pressure again rises suddenlv in magnitude e/n',n /v . 
This jirocess continues, with the sudden rise of piessures in magnitiide.s , 

2fjVock, 2pv^^clP^, at / — o, respectively, till the imjiact 

terniinatevS. The in'esence of k whose magnitude is less than unity louers the 
successive magnitudes of the sudden rises of pressuie occurrijig at the beginning 
of each interval. If the string is free from daini)ing the pressure evidently 
rises by sudden jumiis of constant magnitude . The nature of the iires.suie 



fluctuation, as following from tlie theor> , is bhovvii grajihieallv in I'igure I. 
The continuous curve from cq. (o) is shown doled in tlie fignre. 'idie discontinue 
ous curve represents the ]>ressnie as given Iw e(is lot u^ '^anijjcd 

string. It is evident Irom the graph that llie contiimons curve represents 
approximately the mean values of the discontniiions curve ; and it will l)e llie 
actual mean curve wlicii the iiumbci of discontinuities is very large, which is the 
case when tlic length of shorter segment is very small. 
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The i^resstire exerted by the haninier w hen it strikes at the mid-point of a 
finite striim also fluctuates discontinuously, as is evident from eqs. 1x8), 
(i8'i) etc. But the sudden rise o( invssiire at / =o is 2pVi)C, but subsequently 

at t — 0 ^, 2O1 , the rises are constant and of magnitude .]pVi)C hi the case of 

iindaniped string, till the pressure terminates. 

My best thanks are due to I^rof. K. C. Kar, D.Sc., of Presidency College, 
Calcutta, who has taken a lively interest in this work. 


A P p K N I) r X. 


{,/) 


coth :v = 


e ‘ + V 


J + Bl -H; 


1 _+ 
1 - 


{ 2 X)* . „ (zxV* 

• /I ! ' 6 ! 


- + 


(^) 


(2) 


wlieiv Bi~ - , B , — - , Br, = ^ , B7 = ? , Bn = -?> and they are known att 

6 ’ 30 42 30 06 


Benioullian uumberb. 

Hi) Li. X — >0 cotli X 


I / a-'-* 

£ 1 + A- 

X \ 3 


45 


'O(oo) 


Li X — >00 coth .r — > i, from cq. (i) 


- (3) 

... (4) 


(Hi) 


(ir, 


D 


■■ . n = D . (1 4 - 


(D + q)' 

- vqD-" + q^i)- 


(•// + 1 ) 


n(n + i) {n l 2) 


ifj) 


^ 2) _ 






D' 


» 1 ./ in+l 


in — i) ! 
(n. - i) ! ' 


+"‘’' ^ ‘''J* („V .)]■■" 




(D + q)' 


r,- '^’0 = B 


*.-i 


D 

'CD + 


— i'o 

n I 


... is) 
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= ro (D - 

n ! 

= Voe.~^‘ D’‘-i -'‘-'Cl' f '““Cit'D."'-' 

+ - + (— 


0 ^9 " t 


+ ... 4 (-)"-• .iA 
n ! 


— /"1 1 (0 : 

wliencc- we have from eq. (5) or (6) 


J — T _ ^ I’d _ 

i^+q D + q n n 


- ^ = -Ml = f, (/) 

Q q q 


D 

W + qP 



(D + qV 
{D + q)* 


>=f 2 (f)=V„ 

c-“' 

q • '' 

... (8) 

=fsil)=Vo 

f '(a'- 

... (9) 


Q 2 ! 


q ! 3 ! 

.. (10) 


and so on. 


W . /.(,)=(, - w , , 


= ] /„(0-A f (/)+ -^ j" (t)- I'" (/) -h ... 


= /„ «-A) 


(m-) 


» — . Vp, where stands for {D + q) 


- + + ( - )"Dj" ] Z)j 
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(r/i) 


m-qr _ (D-q)"-^ 
(n\qr^' W+qr' 


- " ^ 3 

+ I,-, (/) 

- r I, j. 

(from eq. (u) ) 


(12) 


-- /„M f„ U) + y- a. "±2 

II ^ I II 


_ » ■' 3 « 


\ 

C‘, In - 1 - (“ , ... (t, 3 ) 


W'llCllCf, 


D-q 

_ J 

(P + </)‘ 

7 ) - 

iD-qY’ 

_ o-‘/ 

(n + q)'^ 

(P-qY^ 

W-q)’ 

(D-qY^ 

ID + q)* 

(P 1 - ./)'* 


and so on. 


= irnni ci]. (12) ajuJ (7); ... (14) 

hz^O * from vi\, ( 73 ); - 

r 

10 / 2 (/)-“ 2 /,(/) ; (lOj 
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ON THE HYPER-FINE STRUCTURE AND ANALYSIS 
OF SOME COMPLEX LINES IN THE FIRST SPARK 
SPECTRUM OF ARSENIC IN THE ULTRA^ 

VIOLET REGION 

By Dr. S K. MUKERjl, iMSc., Ph.D, (London), 

Profcssoi of Physics, Agra College, Agra 

( Rrrrivcti foi ) 

Plate IX 

ABSTRACT All ih^ inip.'/rtanr Inns m the rc^non cT the fiisl .spail. apeelruin 

of arsenic eniitftjfH 1)^' a w ;nei -( ()(. k<l hollow cathode discharge ha\i hi'cn line stirpited, with a 
quflrtr Lmnmer plate, loi hvpeidlue strindnre. An attempt lias been inaile to nials se Hu 
incompletely rr\srjl\ ed and I’omplex line s, HSMiming Hu nuclear spin nf nrsenit In \)v ^/j ns 
previoiisl\ detennnu-d An estimate^ has also Im cn made nf Hie values nf Hit li nest met in ( 
intervals and the term uit' rwal t.uinrs o( the lints investigated. (Mu r»f Hie nmlassifual lim\s 
has shoxMi an inveiled (nutni'. Inn ^trnctme pc. rturhatinii efk r t is siispecti d in oj th» 
partialh rlai^sififd line^- 


I N T R O D TT C T I O N 

The hyper-fine-* sirnclure of the first spark sjit'rtinin ot arstiiic lias 
been invtvSligaled by vS Tolaiisky^ and also liy A. S. Rao ‘ in the visible 
region. But no investigation has so far been made on the hyper-fiiie stmeture ol 
■any of the lines of tlie fiist spark siiectrnni of aiseiiic in the ultra-violet legion. 
The present paper deals with the fine structures of some of the complex and 
incompletely resolved AsII lines in the ultra-violet region and an attempt has 
)')een made to analyse .sndi lines Tn a recent paper the author has already 
shown, as [uevionsly iiroposed by S. Tolausky, {lor. r/7J, that the nuclear spin 
of arsenic is 3 '^. Tn this investigation tlie nuclear si)in of arsenic has been 
assumed t(j be 3 / 2 , and the gross-strnrtnre mnltiplet aiiaiy^sis of Y\sll lines and 
the line classificat ions as made l)y A. vS. Ka(» * have been emplfived, Am()ngst 
tlie (^ther lines analysed or an attemj)! lias been made to analyse are those 
involving terms designated by 1 ao as — A B, D, B, 1'. Also it has been found 
possible to check the fine structures of a numbei oi terms in as much as tlicy are 
involved in two or more line transitions the stnu'tures oi wliich have been 
detenrrined. The usual c(^)nstant frequency' difference niethcjd of analysis is 
employed in tlie case of well resolved lines showing simple structures whilst in 
the case of complex and inc<^)inpletely resolved lines as one has been analysed 

5 
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heit', th(.' iMshei'-^ ioitrlsinit ■’ t^rapliiciil mi.'lhnd oi analysis lias been liiiiployerl- 
This method, as will he seen later, has been foniul exit eiiicly useful in the analysis 
of t‘f)iiiplex sti iicturcS. 

V X ]* V K 1 M H N '1‘ A I, 

The iisetl is similar to llial deseiilied Ijy thi author in Ids pre^’ious 

paper (lo( t d.). 'The sjiarh sptx-liuin ’-vas t..-xeited in a w alei -cof)led hollow 
c'atlictdi. tonlaiiiirig arsenic as clt^scaihed m lhal tvapei and pure helium w’jas 
eirrulaled eonlinuonsly through Hr tube at a itressure ol ah)ont one niilliinett\e. 
Tlie liolhm ealliode l)eiiie, at a hieji euireiit density willi a vaitour such as arsen\c 
is exlreinel>' unstable and lieiice a hi^h l)allas1 resislaiiee was used to maiutai^i 
ctustancy oi rurieut. This necessitated the use hir^h V(dtae:e at the soureW, 
and a em rtait of ;U ' 0 - 5 oo inilli-ainperes The aisenic as heated ni vacuum^ as ex- 
jdained in the previous investieudioii , and a 1)rilliaiit specli-uiii of arsenic was then 
oftiaineil Htonl Mouareh itlales speed ,SJ5, were used foi this jiart of tlie spectrum 
and tile exitosni t tniR's varied [kjiii foiii to seven hours. 'Tlie temperature and 
pressme variations were iiei.*hgible Imt a few lines in sjiite of being fairly strong 
hav'e only shown unresolved broad striu'tnics. As the analysis will show later, sncli 
lines aie niaml\ eoinplex lines with fairly high J values. Tlie terms spill u]) into a 
number oi line slrueline lev’els giving a large number i>i line striK'tnrc cuinponeiits 
which cannot Ik; resoK'od by the Lnmmer plate. This diflicnlt>' is still greater 
w hen the widths of bc'ith the upper and lower terms are ot the same ordei . 
Moreovei, on the shorter w’avedength side in tlie ultra-violet region the Dopplei 
width of tile lines, measured in frequency units, increases with the fre(]nency . 
Till v^taik broadening and line width due to collision phenomena also at tlic same 
tinu^ inciease in tlu' same niannei . 'riierefore, the jiractical separating power, as 
measured by the sin.dlest freciueiicv distance lietw’ecn two lines that can be 
resolved, stiaddy increases with frequency. Hence, it will be appreciated that 
in some eases U lias only been possible to determine tlie total width of a 'iialtern, 
as with a conii»lex group ol line structure components in the ultra-violet region 
no single eonijioneiil can be resolved. In such cases, therefore, it is only possible 
lo make an tesiiniatc ol the intervals, further checks being of course obtained 
troni the ineasinements of c.)thei lines which show good resolution and which 
inv^olve coininou tei ms. 

bnrthei details of the apparatus used and the experimental arrangements 
made will l»e found in a previous jiapci . 

\ X \ L V S 1 S 

1 here are no isotoivic complications in the structures of arsenic Hues but 
when the slrucLiiie is complex and the components are incompletely resolved as 
in tile case ol a line analysed here il is found that the Fisher-Goudsmit method 



Hyper-finc Structure and Analysis of some Complex Lines, etc, 333 


of aiialvMS is jjarticnlai 1>' v.ihiabli'. A brief ileseriptuni of tlii.-'- niLtliocl lias already 
been pul dished,' 

'Hie details of the analysis of tliu individual lines Nvil! now be i-biveii and {\\\ 
delenninatiun of the stiuetures of the terms will also be eonsideiLd. Tlie inies 
have been examined in the order l>est suileil for analysis and tin- lesulls olaaiiusl 
liave also, where ])OssiI)le, lieen checked l)v exaininin.e the slnu'Unes oi niou* tliaii 
one line involving common terms. "I'lie Fisliei-r.t)uilsinit nie11i(ui is eiiijdoyed 
only in the case of incoini)]etely resolved and congjlex lines as explained before. 

^riie analysis oi the lines is gi\'en below’. 

A2890-2I A2SS.P51 (^,/" Aeb3^'‘4^ 

These three lines all sliow very siinilai stiucUues and therefore they w ill be 
dealt with together. TIrw are sJjarp though weak donlilets degrading in 
mtcnsitj’ to the \'iolel. They are also all of ntaily tlu same widths, It is 
obvious, therefoie, that the sti uctures in eacli must approxiniat(‘ very closely to 
llie structure of the coininon a 3 term. The term line slincluie multiidicity 
is 2 ! ’T I or 2 /+ It according l(i w'liich has tlie smidlei value. 1 he term .jd '/g't 
should then lie a quartet, (Mere / - 3 / aiid/^ 3 . d'heiefoK 'rht* 

terms lb M and K ewidciitly have no eontrilaitum in the sirucliiie oi these lines, 
'I'lierefore they are all very narrow The sliylil \arialioiis in the values of the 
doublet widths of these lines are theji due to the slitiht dillerenees in the struclmes 
of these lernis. The line, AjrKi'Cvi J’>} the analysis ol whieli iullous 

ue.Kt, is of the same tyi-e. It has got the .|(e/<,Oenn cumiuon. It exluliits 
four coniponeiils instead of two, as thcoretieally expectetl though ('ii a smallei 
scale. This is strongly suggestive of the lact that the above three liius are 

actually quartets but owing to the e.xtreme weakness of the.se hues the la.st la'<» 

components being still nmie feeble aie imt obseived on Ibe plates 11 this 
conclusion be correct it is possible then to deteimme the mean a])i'ioxiiiia 1 e \,ilue 
of the interval factor of the term w ufco„r.SL,..iitheassimiptionihatthe 

interval rule holds in this term. U is remarkable that tins term vlneh has m. 
penetrating electron should show such a huge iMlLi\a 1 t.ictm. 

A3J jb-()3 {.{(!'' h ^ /b 

'hhis line deserves pariiculai attention. It i misiMs ol lorn sharp narr-.w 
components well separated from one aiiotliei and degraded to llir violet. Hr 
inteivals are iqu, t.So and 205 . It has shown a coarse structure, the total 
width beiug slighllv smaller Ihuii, I. ut of the same ordei of magnitude as, that 
of the three lines discussed above. It is theiefore slroiiglv suggestive Ih.H the /: 
term is small but it may not be negligible. ' )f parlicilai interest is ll,e fact that 
although the interval rule holds lietweeu lyo and lyg there is a complete bieak- 
■ down and a very large deviation from the inte.val rule between lyoand.o.s. 
This seems to indicate that a fine slructme perturbation etlecl has taken place m 
Ihislinewhicliisnol to be expected in the above three lines which liave all 
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shown almost the same structure. Usually line structure perturbation is suppos- 
ed to takc‘ i)lace between two terms uf diltercnt J values su that the fine structure 
levels with the same F values sufler an apparent repulsion "" and this thereby 
distorts the levels This breakdown ol the interval rule may be due to this 
cHUse. Further explanation of this is given latei . 

A3058-o8 

This line also shows four coinijoneiils with a fairly wide structure. The firijl 
two components are well separated and sharp but the separation between th 
last two components is not very good. They degrade in intensity and intervals t' 
the violet. Analysis of the line A3 053 46 which follows next shows that the term 
A should liave negligible structure. If that be so, the line structure should be 
the term slruelure of the term The observed intervals arc 243, 183, and 

157. If the Ivunde interval rule holds exactly, the intervals should be 243, 175 
and 105. The error in the second interval is ± 8 units and that in the last it is 
much inure ; unless this be a case of perturbation, it is probably due to the fact 
that the last two components were not well resolved. Hence, as the first two 

components reasonably obey the interval rule it is fairly safe to assume that in 

* 

the te. in the interval rule is valid, and that the structure of this tennis 

represented by these values. If that lie so, the interval factor of this term should 
be about 72. That this value is correct is further verified by the analysis of the 
line A3053‘4b which follows next. I'he iiredicted and observed patterns are 
shown in figure 
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If the distortion of the leveJs is real, it would indu'nle lluit ii tine-striirtnie 
lierturbatioii effect Iras set in. This is explained by a diagram slioun in 

Fig- i(a). 

rine structure perturbation is suiJposeil to lake pl.vce between two terms 
with different } values. Hence, it is assumed that since tlie j \’alue of the lowei 
term is 2, the ] value of the unknown upper term is j. 'I'hiek lines fit Die left of 
the lig'ure show the unperturbed or the normal levels obeying i,ande‘s interv.'d 
rule and the dotted lines at the right the perturbed levels. Reimlsion is .sujjjjosed 
to lake place between fine structure levels with the .same R value The levels 
with F equal to 3/2, 5/ 2, 7 / -t. hud their counterparts in both the uj»i)er and lower 
structures and hence repulsion only takes ] dace between these levels 'I'liis is 
shown by thick vertical arrows in the figure. It will be seen that thelowcr 
F = 1/3 level is not perturbed. But since the value of the di.splacemcnt is such 
that the interval rule still holds onl}' in the disjdaced terms, the interval rule 
breaks down in the 4 d'^F-j term. Therefore it will be seen that the distance 
between the fine structure levels F=T,/q and F — 3/3 becomes much wider than 
what is allowed by the interval rules. This may, therefore, be the possible expla- 
nation of the anomaly observed in the .structure of this line, 

^.t053'4b (4rf‘‘F2-4/^FH), 

This is a complex line showing .six components poorly re.solved and very close 
together. This is a line suitable for analysis by the Fishei and Goudsmit 
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iDcthod. For this purpose the Fisher-Goudsmit diagram is to be drawn first. 
This is shown in figure This diagram, as explained before, is built up by 
giving both the upper and lower terms the same interval factor, that is, the ratio 
of tlic njiper and lower interval factors is made ecjual to ± i and the resulting 
line struct nres are then phitled as points along the straight line AB, '1 his line 
therefore represents the structure observed when the ratio ol the upper to the lower 
interval factor is -l-i. 'i'hc upper term is then completely inverted and the line 


A 



Figure 2 


A3053-46 (4d'*F2-4/^F;,). 



Figure 3 
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CD drawn parallel to AB then reiiresents the line complex formed by all tlic 
possible transitions, the interval factor bciii^ bej)! still the same. This line then 
.shows the sirncturc when the ratio of the upper to the hwvcr interval factor is 
/i= — T. The corresponding transitions in 7\B and CD involving identical F values 
are then joined by straie:ht lines, their breadths beinp. made roughly proportional 
to the intensities of the transitions or as shown in the diagram, the intensities arc 
directly olitained and noted down from the Relative Inlensnv Tables of White 
and Eliason {loc. ril.). The observed line is then made to lit this graph along 
some particular horizontal position and this position gives the values of both the 
upper and lower interval factors. In this particular case it is found that this line 
^ts very nicely at a ratio of the low'er to the upper interval factor of /| to i, that 
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iht 7 - to iS. Both methods of analysis have Been used and it is found that the 
a^^iecnient is remarkably iLiood with 72 and 18 as the interval factors of these two 
terms. But 7.? has been r)btainefl as the interval factor of the term from the 

analysis t»f thu line A3u58'o8 on iIk- assumption that the structure of A is very 
small. lienee t h is analysis su])jJoits tile \'ali(lit> of this assumption. The prediC“ 
led, yra]ihi('al, i\‘sullatit and observed patterns aiu sho^vn in ii^t^ure and the 
risher-( loudsmit diagram, as described belorr, is shown in figure 2, It will be seen 
that the agreement is quite good although the \'ery weak component ^/2'-3/2 is 
missing ; 

A443173 

This line although in (lie \ isible region has also been examined as it conlj^ins 
tlie term 4/ 'To which is jire.sent in tlie line the analysis of which follows iieyt. 
Fwxaniination of this line* .sliowed that it is n single line with no trace f>f structure 
in it. Hence it is possii>le and pcrhai»s reasonable to assume that both the upper 
and lowei terms nf this line art single. If this conclusion be correct it will help 
in tlic analysis (“if the next line which is \ eiy weak and incompletely resolved 

A 30.'! 8 36 ( >p"/ ' ’ f o 4 / ' ' F . 

This line, as lemarked above, is extremelv wxxik and difficult to itualvse. One 
broad jUiLch followed l\v a very w'eak and hazy one degrading in intensity to the 
violet is all that is olxservahle. Hence it will be apjneciated that only an attempt 
can be made to analyse such a line. The total width of this line or this patch is 
234 units. vSince 4/ 'Fu is very narrewv as is reasonal.)le to guess from the examin- 
ation of the line A443173 (.pf T') 1 —4 /’'Fo ), discussed above, the .structure of this 
line is due to the lower term. And by com])aring it with the slruclure of the line 
A303S 08 (/jd'T'kj -.i), it is perhaps safe to conclude that this patch represents the 
nmesolvcd first Iwo coini^oneiits cx])ected to he otiseived in this line. 


A 3003 '93. 

This line has not been classified. It show^s a fairly w^ell resolved triplet 
degrading to the \'iolet. 

'^- 959 - 7 '’- 

This is another unclassified line. It is observed as an intensely strong and 
W'cll resolved tnj)let degradTng in intensity and intervals to the red. The inter- 
vals are 256 and iQQ. As the components degrade to the red the triplet therefore 
is inverted. 

A 2465 -05. 

this line IS also unclassified. It show's very marked broadening and there is 
no resolution. It is very w eak 111 intensity. The total width of this line is 235 
units. 
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11 may bu noted here that although simple Asll liiic-h, the analysis nf 
which will lx* found elsewhere, ha\’e generally followed the inteiwa! and intensity 
rules fairly accurately this could not be tested in the case oi c*oinitIex liuCvS, siiu'e 
Fisher and Oondsmit 's method of analysis involves the assumption dial the iiitei- 
val rules are strictly followa^h hi the ultra-violet region lielow A 2 .so(^ the 
Asll lines are mostly ver>' weak. The region AAjSou-iSoo has noi yet 
been analysed. Aliove this region some ol the strung lines show ing hyi)ei-line 
structure have only been i»artialh‘ allocated. The term structures of such hues 
have therefore only been estimated. 

In table I is given . I list of the lines studied in this in\ estigation with the 
observed fine-structin es recorded and measured in the nltra-\ iolcl regitm of tlx* 
spectrum. The strongest component of each line is taken as the main or null lim 
and the separations of the lemaindei' are given as usuab in units of cm “'m g 
The visually estimated in'ieiisitics are also gi\ en belo\v each component in brackets 
Structures aie classed as A, Band C according to w hethei resolution is good, 
medium or jiooi . The ])oorl>’^ obseiwed cnnii)i>nents in i lass C an mosll>' blurred 
patclies arising jnoliabl)’ from the crowding logethei of hue sluictuie eomiionents 
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of :i complex line wiiicli lakes place when the structures in the upper and lower 
terms of a line are small and of similar order. < )ne of the lines, as will be seen 
fr(nn the table, has shown an inverted structure, that is, its components are 
femud degiadiii.e U) the red. 'i'he Hue with a complex strueture. has been analysed 
bv the ^U'aphical method of Fisher and (hmdsmit {Iol.cH.). The structures 
and iiiicr\'al factors of the carious terms are .eiveii in table Tl. 


Taiujc II 


'I'enn Inne Slruclures and Term Interval F'aclors 


1‘(‘T nr. 


Mir* stnirtiirc iiitt rvaLs | Trriii interval factors. 


\ 

t 

I 






Small 


Small 


'bj 

, 

170 

210 


61. 

^■1'' 



25? 

1 Sri 

n.S 

7 T 

( 



Nl 


•15 

iN 



1 


Small 


Small 


- 

I 

- — 








A C K N 0 W h J\ D O M E N T vS 

I he writer w islies to express his thanks to Professor t >. W. Richardson, 
F'.R.vS., Nobel baureate, in whose laboratories at King’s College, London, this 
investigation was carried on, and to Dr. W. E. Williams for his help and the 
excellent facilities he provided during the course of this work. 


K 1 { 1 - !•: R K K C E S. 


^ /’M)r Koy Sor., 137-541 nwl /cil ^ P// , 87 , :nn I1Q38). 

■' /t’/f. P PJiysih, 84 , fia33) 

Mnkcrji, /. 11, i-S (1037C 

4 Inii I VJiys. 7 , 5(u , 

PJiys. I\ri>, 37 , 1341 (1Q3T). 

'' Mukrrji, /ml /. P//yv., tl, 377 (1Q3S). 

" / r'( . r/ 7 . 

^ /Uisrlu^n^ </fz ii P)r)i\- 1/^ , 32 , 50.: (103?) ; Schuler and Jones, Zr /7 /.Physik^ 

77 , Si I 1 10321. 



31 


DISPERSION, ABSORPTION AND POLARISATION 
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(UcccivcLi ]or lutbUraiioii, Scptcmbci .'4, 

ABSTRACT Dispi rsioiip absorpli(Hi aiul pulansation turves loi ladio \\a\i jm>pa).;al iuji 
in the ionosplim- f r fmiiieiicic s 1^7, <• D nicKJH\vcles) and for eollisioiial frerjneiu'ie.s (o 
inC, X lo*', iu7) art- drawn on the basis of Uit- iiiaj,MicTo-iomc formnln.^ td Appleton and llartrce 
for tlicMnagiiclic condilioii of the uppe r atmosphere at C'alcnlta (total intrnsilv 0*45.? f^aiiss, 
‘^ip 31 45'N). Ill eounection with tlie stale of polarisation of thi. douncominjt' waves the ease rjf 
limiting polarisation is discussed. Jt is shown that ecaitrar} to the view held by some authors, 
the polarisation of the two split t‘( inponeiits on Uieiv emergence from the lonospheie will, in 
general, be elliptical 'i'liis latter view confirms the experimenialb' obtained results regarding 
the nature of limiting polarisation. 


I. T N 'r ROD r C T 1 O N 


The theory of propagation of electromagnetic waves tlirongli a concliieting 
iiiediuiu under tlie influence of a magnetic field has been dcvelojjed 1)> y\ppleton ' 
and later on by Hartree“* and also by (loklstein. According td thesL- aulliois 
the relations between the refractive index /*, absorption coefllcienl />• and lla 
polarisation R are given l)y 
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N = electron density 

11 — intensity of the earth's niagiietic field 
0 - angle between H and the direction of propagation 
p —angular fre(inency of the propagated waves 
r —frequency of collision of an electron with gas molecules. 
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liquations (i) and ( 2 ) show that in general, for any diiection of propagation 
in such a nicdium two waves of diflercnt [diase velocities, different absorption 
coc iTicients and different polarisations are projiagated. It should be nieiitioncd 
lliat tliese ct(iiations w ere developed in connection with iiivvstigationson^tlic ]>ropa- 
gation of radio waves through the ionosphere which, owing to the presence of 
electrons and ions, hehaves like a conductor and is at the same time subject to the 
influence of the magnetic field of the earth. The same formulie have been 
obtained Iw dilTerent methods of attack Iw vSalia and Rni ’ and also by Hose/‘ 
Special mention might be made ol the analysis of the last named author w ho 
starling from llic microscopic equations of Toreiilz, has obtained the conditions 
of total leflection taking the damping due to collisions into account, wdiich plays 
an important part in the propagation pheiioinenun. 

The general properties of the above fonnuke and the various types of disper- 
sioiij absorption and xjolarisation curves tliey yield, have liecn studied by various 
authors, rnfortunalcly, for icasons descrilK^d below, none of these curves can be 
utilised for conditions of the ionosphere at Calcutta. Amongst the authors wdio 
have studied the dispersion ftn'iiiuke, mention might be made of RatclilTe,*'^’ 
Taylor*', Booker ' , Bailey, Martyn and Coubaii.'' Ralcliffc has discussed the 
him] )le case wlieu v = (). Taylor has made elaborate calculations and drawn a 
large number of typical curves taking tlie damping effect into account. But she 
has included the Lorent/ term ('d in the cxiaession for < 1 , i.c.^ she has taken 



_ 1 


Marlyii has also drawn dispersion curves by utilising an elegant graphical 
method due to Bailey, but he has also included the Lorentz term. \A'e now 
know , liowever, from a recent analysis by Darwin that for conditions prevailing 
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in the ionosphere the Loreiilz term oniiht to be omitted. ( '.onl)iui\ curves, IIioukIi 
drawn (iniilting the I^arcutz term, are for the value of the luagiietie held ill 
( Vermany. We thus sec that the dispersion curves of none of those authors can 
be utilised cither because they include the lyoreni/ lenu oi because the> are 
drawn for a value of the magnetic field which is much diffeieut from tlial at 
Calcutta. ’' In tlie i)reseiit pai)er therefore, dispersion, absorption and polarisation 
curves for Calcutta condition, neglecting the Jyureiit/ term liave been di awn, 
so that they ina}' be used by the ionospheric investigators in this country. 

It should be mentioned here that besides the dispersion curves there is another 
type of curves the delineation of which is also importanl for propei interpretation 
of ‘'reflection” of i\'aves in the group relaidatioii nielln^d of jou()S])heric investiga- 
tion. This latter type of curves depicting tlie variation of gruup velocity with 
electron density has been drawn b>' t'.oiibau * ^ and also b>' Ikijpai and ]\IathurC ’ 
linfortuiiately, however, the curves actualK drawn arc not ol much practical 
value (except that they bring out the fourth condili n (*f i eflectiou) l)ecaiise iii 
drawing thoin the d impiiig factf>i has been ueglecled. Such simi)lificalion would 
obviously lead to erroneous results since llie effect of ilaiiiping becomes specially 
iini)ortant near the point of reflection, 'i'hc group velocity curves, if drawn witli 
the lielp of more complete formuia taking collision into account, would uiv 
doubtedly be of great help in elucidating the jnopagatioii phenomenon of radio 
waves ill the ionosphere. 

The method employed for di awing these curves is that of conformal re])iesen- 
talion suggested by Bailey. ’ For tlie sake of completeness the method with 
minor modifications is summarised beknv. 


P O 1/ A R I vS A r T O K 

From equations (ij and IjI we have, aftci eliinmating i), 

_'V/\ ^ 0 . ( 3 ) 

R j -f- fi + jl i :\ + iy 

• There lias ver)- reeenlly been a leenuleM-cuci nf the eontrovLibv with itnaril Iv tlie 
inclusion or othei-wbe of the IvOieiiU polarisation leriii (1). Marty n on<l his a.ssociatc.s'J it. 
Australia think that they ha\c got dcUnitc cxpcriniental proof in iavoui’ of exclusion of the 
Lorentz term. .American workers, Booker and Berkner’^ on the other hand, give a different 
interpretation to the experimental observations of the Australian workers and analysing the 
records of their own observations maintain that the Lorentz term should be retained. Tt seeni.s 
that” the only po.s.sible way of deciding between these two hypotheses is to make exjieiiniental 
stiidv of the pi lari.saUon f>f echoes for fre-ciucncics le.s.s than the gyr i-ficcjuency . 

\\V have (honghl lil to exclude the Ix.rflil/ tei in in accord.ance leitli the tlicoretical work of 

pLirwiii. 
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wlim* 


and 



'r=r^» COS Ojshl^O, 


lyct US now pul, 

Z = ,v-ffv, ^ , R = 

wiicrc n'>o, w — u-hiv 

‘'uhI a, j', ij, p, </% and v arc all real. 



Let us rei)rcseiit o) and / conformally in the t^-plane. 

It can l)c shown that the a-curves and the r-curves are respectively given by 
th.c lollovving confocal hyper1)olas and cllii)ses . 

i- “ / cos'* }i - Ij / si n n “ 1 ... (6) 

I cosh*';' + /sinh = i ... (7) 

willi their foci 011 the ^-axis at the poijit ^ ± 1 and the asymptotes of (6) are the 

lines 11= i tan a. 


M • I) ^ in 

iMoreovei, snicv K — /)e ' ==< .< 

/>=''^ ‘ and 

If a, b respectively denote the senii^niajor and sciiii-niinor axes of the ellit)Se (7J, 
it can he shown that • 

{>l=it-lu (/i|“ -u 

/)2 = (l -t-/>, f/>2= -h n 

Since the seini-axcs arc essentially positive quantities, v is always i^ositive. 

Ih)r conwnience tlie followin.e important projicrty of confocal ellipses and 
hyperbolas is used . 
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Let P (Fig I) be the point of intersection of the liyiK'iIjola (6) and the 
ellipse (7). Draw PL parallel to the >)-axis, cutting the asyinydok' to the hyper- 
bola at L ; then L lies on the auxiliary circle of the ellipse. If Pl\l i.s drawn 
parallel to the ^-axis, cutting OL at M, then 

LM=a-6 


and Z.LMP= 

Now, it follows from equations that the .r -curves and the 3'-curves arc 
respectively given by the following system of coaxial circles : 

C^ + j/® = .v~'£ ... (9) 

+ ... (i<^) 

The circles (g) u ith their centres on the ^-axis, have their diameters equal to 
and all pass through the origin. The circles (to) form a similiar system with 
their centres on the ipaxis- 

Thus finally to determine polar i.sat ion, fir.st of all, the values of x and y are 
calculated by means of (.4). Next the circles with diameters equal to v~' and 
are drawn. Since the ellip.se and h3'perbola giving /g , f>v, <l>\ and must pass 
through the point of intersection of these circles, w e at once get the point P , 
Moreover, as the foci are at ^ — ±t, the auxiliary circle of the ellipse is easily 
drawn and the points L and M are located, thus obtaining 

(iij 


LM=a-h 

ZLMP=V>i 
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Rei)rL"sentin,L* |jol'f»risMlioii after Taylor, we have, 


lan^^=/-|V 



— iij, 

IfM 

— — if* cus sin (ft 
= A 4- /B 

where A “ — /> siii^A 

R= —p eos</j 


\ 


It can be shown that if denotes the inclination of the i»olarisation ellipse lr» the 
axis of Z, then 


Ian 

j 


and 


_ (L‘‘‘ 1 2 p cosV> 

+ P*^) sill 2"^ — 2,p COSV> 


... ( 12 ) 
■ - (I 3 > 


The sign of V' is determined by the sign of B (^ -p cos 0) ; if H<o, as is 

usually the case witli the ordinary wave, V' is a negative acute angle. 

Tlie sign of 6* is determined by that of A ( = — p sin f/d. 

(/) when fji is + vr 
A < o 


and the rotation is clock -wise or right-handed (when viewed along the ])Ositive 
direction of propagation of the waves) ; whereas 

(//) when </> is — ru’ 

A > o 

and the rotation is anti-clockwise or left-handed. Thus if positive value of 
corresponds to right-handed polarisation, we have finally, 

when is + 'iT, 

and V' is — Tc, 

Moreover, it is obvious that 6> = o corresponds to linear iDolarisation and P= +45° 
corresponds to right- or left-liandcd circular polarisation respectively. 


^ is — I'r 


(14) 
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[,ct ns ilenote the polarisation of the ordinary and the exlraoidinary mode 
of propagation hj’ the subscripts o arul v respectively, so thnt from (S), 

fo=-<pr and 

'l‘he sign of depends upon the quadrant in which tlie angle is found (in the 
ist quadrant ii is-~rr and hence is t TtO, while is always less than unity. 


R K F R A C T T K T N D K X AND ABSORPTION 
C O K F F r C I R N r 


The calculation of // and \ now becomes simple as can be seen fi 

the following. 

liquation (2) can be written as 

"1 )- = J 


rom 


(15) 


We may put 




iij} 




is 


where r—p cos .v=p sin </> 

The values of r and .v can be obtained from Fig. i, where, 
r — PM and 5= PL 

Putting X=«+ Y-/^+ »7 l, V=“' 2 /ix ^ib) 

it will be seen that the /^-curves and the are respectively given by the 

parabolas 

^2 = 4^,2 I -a ^17) 

7^2~4^2 (^S^. J 4 .^) ... (i 8 ) 

with their axes on tlie axis of and common focus at the point (—1,0). It is 
clear that the x-t^tR'ves are the exact images of the R-curves in the line c"= *“ 7 and 
so need not be drawn. 

Thus to find p and x» ^ s are obtained from figure i ; then X and V are 
calculated by means of (16) and the corresponding circle.s are drawn . Ihe 
parabola {17) giving the required value of il" must pass through the point 
of intersection of these circles. After obtaining fi the calculation of x becomes 

clear. 


7 
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magiictic ficid ( 0 - 45 :; gauss) aud the diij (3r‘45' N) at CalcuUa, the value uf the 
entical collisioual frequency v..(=:/)t'‘/2/>l ) is 5-4 x n/' per sec and the gyroinag- 
netic wave-length Ah =235 7111 The polarisation, dispersion and ahsorption 
curves given in Figs, j to 7 illustrate clearly the effect of datnping due to the 
collision between electrons and the neutral gas molecules upon the propagation 



= ?35 y m. v-lo'<; \ 
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phenoiijcnoii. As already pointed out, the curves corresponding to the ordinary 
component of the split waves are marked as 'o' wliilc those for the extraordinary 
component by ' X Moreover, the fulbline curves represent and 0 and the 
broken line curves give x and y- 



F19 * soow , Vt 


Fig.4(J)^=500ii»> >Vc 
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Fig. 5(a) X® 100 TO. 


Fig S (b) A - lou n», 


Ir. 

10 < 





5. DISCUSSION 
(limiting Polarisati'ari) 

A general discussion of the dispersion, absorption and polarisation curves 
has been given by Taylor. There is however, a point (jf diifereuce between 
ours and Taylor's results regarding the limiting values of h and (the polarisation 
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ajjd the till oi the polarisation ellipse resi)ecti\t‘l5- j ius N— the electron density 
tends to zero, which deserves consideration According to Taylor 0 and have the 
values 45^ and o"' for ISi =o. It will be seen from tlie ligiires that in our calcula- 
tion, and tend to limiting values other than those given by Ta5dor, as N — >o 
This has alst) been obtained In^ ^lartyii who supports his results from experi- 
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mental observations of Baker and ( ireeii."’ In support of the liniitme valui^s ol 
and (45*^ and o'") depicted by Taylor, in her polarisation curves, she slates that 
the Appleton-Hartree forniukv arc iiiapidicable when N tends to /env Slie 
has therefore merely assumed that the waves on entering the ioiiospliere should 
split lip into two oppositely circular-polarised waves and has delineated this in hei 
carves by extrapolation. We aie not however justified m assuming tlial the 






CK 

P 


2 0 



1 1 1 - 1, 1 L — 

0 re 

Fig.T«*)A=50OW, V«ld'>\)t 
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’.vavcs sliDuld l>e split up into two ()[>positely circular-p<-Oanse(l coiiii>Qiicnth o>jccpt 
in the special case when the wave is travelling alonn the diieclion of the 
juagiictic field. If the wave normal is inclined to the magnetic field, then 
on entering the ionosphere the split waves should he elliptically polarised, The 
waves, if they could retrace their patlis, would also ou emergence be ellipti* 
rally polarised. This is exactly what our calculations shou for the case of limiting 
polarisation . 
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THE ORIGIN OF NEW LOW-FREQUENCY RAMAN LINES 

IN SOLIDS 

Bv JAGANNATH GIIPTa, 


{Kctr'ii'cil Im piiMiititioii, 2.itli , iQiS.i 


Plate X. 

ABSTRACT. bolKming « previous loiinuuniLatioii on the .suhjict, oWr\atioiis witli lh( 
Raiiuwi .spectra ol tartaric acid, .sodium (artrate and benzoplicnone i rystiils have been riiaridcd, 
which go again.sl the po.sMhilily of the new lines being due to lattice (jscillations. The specific 
heat values of carbon disulphide at low temper alure.s have been foumi to agree clo.sely through 
a long range of temperatures with lbo.se derived from the new fretiueneies of the substance in 
the solid state, hr taking these as Ein.slein and rrot Debye frequencies. 


T K T R O T) TT C 'I' ION. 

Ill a previous pa])cr,^ experimental evidences and simple considerations 
of polarisability changes were smnmari.sed to point out tliat there are serious 
difficulties in attributing the origin of the new Raman lines observed clo.se to the 
Rayleigh line in many solids, to vibrations of the lattices. With />-dichloro- 
henzene, the positions of the new Raman lines were found to change even w'hcr 
the crystal structure reuiained the same : while W'ith cis and Iwns diehloro- 
ethylenes, having presumably diflerent crystal structures, the new lines were 
observed in the same position. It was also pointed out ^ how the .selection rule 
for lattice oscillation in Raman etTect cannot account for even the appearance of 
the new lines in the spectrograms of many crystals, much less their observed high 
iutensities (which very often compare w'ith, and sometimes exceed the intensities 
of the most intense vibrational lines of the substances), if they are taken to be due 
to lattice oscillations. This latter point has been pursued further (a) by examining 
the Raman spectra of a few other substances in the crystalline state, the results of 
w'hich are described iu section A of the present i»apcr. and (b) by comparing the 
total contribution of these new ftequencies to specific heat, assuming them to be 
due to lattice oscillations first, with the same observed for these substances at low 
temperatures (where Kinstein contributions due to intramolecular frequencies 

8 
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Ix'comc iiisigiiificaiit). The results for carbon disulphide, embodied iu section B 
of tlie present paper, clearly shoA\' that the neu lines observed in the solid state 
caniiol t)e treated a^ due to lattice t)Scillatioi]s 


: A. 

A course of investigation on the Raman sjiectra of eryslalline substances,/ 
having different crystal symmetries, has been taken ii]) using large single crystals, [ 
with a view to studying any notable changes in the positions and character of the 
intramolecular Raman lines recorded for these substances in other states, and 
more particularly to recording any new lines in the region of (20“-2oo) cin"bs 
from the Rayleigh line. The vibration spectra of tartaric acid, sodium tartrate 
and ben/ophenone have been obtained and the naliiru c)f changes have been 
indicated. It lias also been observed that that with the crystal of sodium tartrate, 
no new line elose to the Rayleigh line of any apiireciable intensity haslx‘.eii record- 
ed ; while with the crystal of the acid, there ajc sharp and intense lines The 
molecular crystal of benzophenone also sIioavs the presence of new lines. 


H X P E R T i\l F. N T A L. 

Large, transparent crystals of sodium tartrate, tartaric acid and benzo- 
phenone were chosen. They were not true single crystals, in the cryslallog:raphic 
sense, and the faces w^ere ill developed. Plane faces perpendicular to each other 
were artificially developed by rubbing the crystals on a piece of cloth moistened 
wdth liquids in which the substances are freely soluble, w’ater being used for the 
acid and its sodium salt, and benzene for benzophcnoiie, 

A Heraus quartz mercury arc lamp was placed in the end-oii position and 
light emerging from the plane quartz window' at one end was accurately focussed 
on the crystal with the help of a small convex lens. The face of the crystal 
nearest to, and facing the slit of the spectrograph, through which the scattered 
light w'as received on the slit, w'as liar tly screened w'ith a piece of black paper, 
leaving a rectangular aperture in the middle, to avoid parasitic light. The back 
surfaces were completely screened by sticking pieces of non ’reflecting black 
paper. 

The crystals were \'ery thinly covered with a layer of transparent, colourless* 
vaseline, to preserve the faces from decrepitation due to evaporation, dehydration, 
or absorption of moisture. Considerable accuracy in alignment was necessary to 
avoid light leflected inside the crystals. The spectrograms are reproduced in 
Plate X, and the results are given wdth those by previous w orkers, obtained with 
either solutions or in the liquid state, in table I. 
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Table 1. 

Raman lines in cin“ 's. FiKuros in paiantlieses indicate relative intensities. 


1 ‘artari 

L' acid 

Sodiiitn 

tartrate 

J!ciiz( )phciiont\ 

Crystal. 

So’iiti* ji in 
\\alcr. 

Crystal. 

, Solntiou in 
: waUi- 

j 

Cr\ stal. 

3 Jf )ltcn 











49(3) 


103 u) 










147(11 

148(9])) 




; 

if>y(i) 



367(3) 


; 07 *''^ (lb) 

218(4) 

2 19'lti) 




1 




.Si 7 (,tl 


1 53 «i(-' 6 j 

562(2) 

403 (4) 


601(2) 


1 OiHfil)) 

617(3) 

.s 64 (()) 




1 


<115(7) 


600 (i^) 

- 

i 


710(0) 

73M3) 

734(6) 



767(21 

761 (5) 


838(1) 

888(2) 

81)5(4) 

852(1) 

805(1) 




1 


848(3])) 

895(1 h) 

8 g.]( 5 ) 

- 

I 803(4) 




093(3) 

99 <-'(C 

gQ2(o) 

ic»t )t»f 8 ) 

999(15- 


10 C)T (2) 

107J (C 

1068 (3b) 


102016) 



iii8fi) 

1121(3)*) 

J 147'^’! 

1 149(1 )“)b) 


i:;7tjf/ivl)) 

3 :^CS( 3 ) 

l,>24(2vh) 


1276(5) 




1310(2!)) 


1313(2) 


T' 1 T 3 (l) 


1370(5)1) ! 


J 377 )i) 


1442(2) 


1 1418 ( 6 vb) j 

1459(1) ! 

1448(3) 

1 



i6i7(ivb) , 

1490(1) 1 

i 

i488t3])) 




' 1 

I 

1 

1597(35^ i 

1593 (12b) 

1745 ' ib) 

17401 5b) 


: ! 

1650(0.) 

1 1O53 y Ilf io]>) 

2944 (i) 

295ol6vb) 


2936fSv)->) 

.3055(3) 

1 .y<03/Ob) 

2970(2) 

1 




1 


358 


/. Gupta 


I) T S c T' S 1 O N 

1 1 may Ijc that, liusides a ^cncial bbarpciiiiiK in lliu character of the 

Raman lines, wliicli is, liowevei , characteristic of the vibiation spectra of solids, 
no very great change in the position of the Raman lines is noticeable in the 
spectrograms of diflereni states ol these substances. While with such complex 
molecular units, any attempt to trace the nature of molecular deformation at diffe- 
rent states is futile, the chjse siinilaiily between the spectra of the liquid and solid 
states indicates that tlicse molecules do not nndergo any great stnicliiral defornia-j 
tions at the different states. Many of the lines observed in the liquid state are 
apparently missing in the solid state. The reason for this apparent discrepancy 
is that the Raman spectrum recorded with the crystal is rallier feeble, and only 
ihose lines which have become a little .sharjier in the solid state have come out w ith 
apjii'cciable intensity, wdiile the broadei lines are extremely feeble and arc jiracti- 
callv masked by the continuous backgi ound. 

An interesting point to observe is that several new lines close to the Rayleigh 
line are i)resent in the sjiectrogram of tartaric acid, but absent in that of sodium 
tartrate, although the latter is recorded more intensely than the former. The 
op])Osite of this would be exjiected, if these lines were regarded as due to lattice 
oscillations ; because, in the crystal of sodium tartrate, the forces devcloj^ed during 
vibrations of the ionic lattice arc of comparatively greater niagnitude than the 
molecular lattice of tartaric acid, giving rise to, in the former case, greater asym- 
metric restoring force, which is known to deterniine the intensity of lattice oscilla- 
tions in Raman elfect. The arrangement of tartaric acid in the unit cell, described 
by Bragg, ' shows considerable elemeiils of symmetry, besides the fact that the 
molecule is itself centro-syinmetrical, as can be easily seen from the following 
figure — 

OH H COOH 



C 

/ 

/ 

* 

HOOC H OH 


The asymmetric restoring force, wdiich is already of a small order of magni- 
tude, the lattice being molecular, is further reduced by the development of these 
elements of syminelry in the lattice. On comparing between the free acid and 
the sodium salt of the same acid in the solid state, the selection rule for Raman 
Hues due to lattice oscillations predicts greater intensity of those due to the salt. 
The ecmtrary fact recorded here, that the new’ lines have been observed in the 
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speClogram of tartaric acid aiKl not in that of its sodium salt, although Wu^ orduiary 
vibrational lines arc recorded in the latter with gi cater intensities, tlierefore 
renders (rro>ss and Vuks’s suggestion that the new lines might be due to lattice 
oscillations, extremely doubtful. It api)cars, at least in this particular instance, 
that the new lines observed in the case of tartaric acid are not due to lattice 
vibrations. 

The spectrogram of a molecular crystal of benzoi)lienone also show s similar 
lines close to the Rayleigh line. The molecule is (piite l)ig, licing constituted of 
two flat benzene rings attached to two sides of a carbonyl group, so that angular 
oscillations of the type i)ostulated by Pauling in simple molecules are not here of 
any appreciable magnitude, and are therefore not cxi)ected to ap])ear as Raman 
lines of any measuralde intensity. On the other hand, w bile the conij)aratively 
large intensity of the line at cm^^ is not in favinir of the expianation that this 
might represent a lattice frequency, it requiies to be proved that the o])ser\'ed new 
lines do not belong to such frequencies. A determinalioii of the heal caiKicilies of 
the substance at very low lemperaliires. and t'omparalive .studies similai to one 
attempted in the following section may help to clear up the ciueslion. 

§ B. 

The heal capacities of carbon disulidiide have been recently measured liy 
Brown and Manov through a wide range of temperatures down to 15 os'Tx. It 
is now possible, therefore, to compare these values willi heat capacities deduced 
from the frequencies of new Raman lines of the substance observed at low lemi)e- 
raturcs, by working along the lines indicated in a previous coiiinuuiicatioii. 

The molecule is known to be symmetrical triatomic linear, having the &ym~ 
metry elements Dc /, . >Selcction rulc^ therefore, for l.)ids the a]>peaj'aiice of lattice 
oscillations (in the solid state) of thisceulro^syjumetrical molecule in Raman ellect. 
The spectrum of the solid, liowever, shows the jncsence of two new lines at 70 and 
80 cm" ^ s, of wdiich the first is more intense than the totally symmetrical vibra^ 
tional line at 655 curb It is therefore improbable that lliese lines miglit l)c due 
to lattice oscillations. The tw^o lines might also he attributed to the two inodes of 
angular oscillations postulated by Pauling ’’ (about the tw o axes perpendicular to 
the axis of the molecule), but from the identical character of lliese tw'o ^nbrations, 
it follows that these should involve almost equal changes of molecular jjolarisability 
and should therefore be of approximately equal intensities. lixperimental results 
show that the line at 70 cm*'^ is about ten times as intense as that at cSo cin“V 

Contributions to specific heat due to these frequencies liave been calculated 
on tw'O alternative assumptions, r/:., taking tliesc as {a) 'attice vibrations, the line 
70 being twofold and the line 8u a single, and (6) Pauling angular oscillations. 
The results, some of which liave been shown in the accompanying table, show 
110 agreement w ith the observed heat capacities. On the other hand, wlicn these 
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frequencies are regarded as being due to inter-rnolecular vibrations arising out of 
sonic electronic binding between pairs of molecules, their contributions, each 
iK ll (<^>/T), where El epresentsKinstein function, logether with a Debye frequency 
(threefold) and a suitable Pauling frequency (twofokD, which have not appeared 
as Eainaii lines, show satisfactory agreement witli the observed values of heat 
cajjacities from tlie lov\est t(.ini>cratuie to just below the melting point. The 
differences between tlie observed values of C/; and the caVulated values of C„ are 
easily attributed to the expected values of which gradually increases froijii 

zero at llie lowest leinijerature to greater and greater values. The ap)j)roximaie 
relation — L\ - 0214 ^T/T,) x C/ , T, being the melting point, indicates 

llial tile diileicnccs between the expel iiiieiital values of Qp and tlie calculated! 
values of C, are of the right order of magnitude. Also the contribution of thc\^ 
frequency 391 5 cur’ due of the aiitisynimetric vibration of the L\S. molecule 
Ijecomes aj)preciable at temperatures a few degrees below the melting point and 
this accounts for the large difference betw'een calculated values of C,. for these 
temperatures wdlhout taking into consideration the frequency 39T5 cnr"\ and the 
observed values of L'p. 
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3 “43 i 
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13*5^^ 
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1 
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U is easily seen from the table that the specific heat values calculated on tlie 
basis of the new Raman lines being treated as lattice frequency lines (column 2) 
show^ no agreement wdth the experimental values (colninn 7). 


(' O N C4, V S r U N . 

A view, alternatiw to that iu which the new lines wexv regarded as due to 
either lattice oscillations or Pauling angular vibrations, originally put forward by 
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Sirkar, has keen alieady discussed in a jircvioius coniiumiicaliun/ where it was 
pointed out how the assumption of a weak ekrlronk ly\>e of binding between 
molecules helps to explain many apparently iiiext)licable facts al)Out these ne^^ 
lines. The observations with tartaric acid and sodium tartrate crystals arc also 
readily understood. Since ionic crystals can hardly f(n’in iiioleculai a^u^ie.i:;atcs, 
due to repulsion between similar ions, no evidence of the formations of polymers 
of sodium tartrate should be obtaimible. Tlic possibility of the formation of 
groups arises with nioleeiilar crystals, ( - tartaric acid, heii/.ophenone etc., due 

to their electro-neutrality, and the new lines ()l)scn'ed with these might be dne to 
unknown types of vibrations of such groups. It is evident also that crnitributioiis 
of such vibrations to specific heat would be derived from their corresponding 
Kinstein functions and not from Debye. 

It should be admitted that no sufficiently cr>nchisive proof of the formation 
of groups in the solid slate is yet o1)taiiiablc. The l>inding energy being weak 
(because the Irequeiicies arc very low), it may iievei be possible to detect it from a 
shortening of the iiiterinolecular distance l)y X-ray analysis. The difficulties in 
explaining the presence, and behaviour of these lines to changes of temperature 
etc-, are however easily discernible from this and all previous communications. It 
is believed that specific heat calculations from these new frequencies will greatly 
help to understand their origin, and so a systematic calculation with other subs- 
tances has been undertaken, after recording the new frequencies in the respective 
solids, whose specific heats have been determined accurately at lou' temperatures 
by other workers. 

The author is indebted to Prof. M. X. vSaha, Palit Professor of Physics, for 
providing all facilities of his laboratory, and to vSir P. C. Ray and Dr. S. C. Sirkar 
for their kind interests and guidance. 

Drpartmfnt of Chkmistky, 

T^XJVF.RSTTV CotLFCE OF SCIKNCE, 
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STRATIFICATION OF THE IONOSPHERE AND THE 
ORIGIN OF THE E, LAYER* 
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Sir Rashbehary Ghose Research Scholar in Physics. 

iRcci'Ivcii for ptthltcaiiou. Ocfobr) 

ABSTRACT. Cnlcnlatinns ol iippt'r [itiiiosplicrir ionisation arc niadi aftia rannckock 
icrtaiii niocJifjL'atioii.s. It is .i.ssnmcd tliat the upper atiiinsphri (.* ahoNc loo knn ('(aisisls ujainh 
of and O wlo'lc t'lic Jowci and the niiddU* atmosjiluu lu low this Icvc] consists ol N., and 

O.j. There is a layer of transition lirtwccn the (wo occupying the region So* j a» 'Hie 

toinperatui e in the upper atim kspliere is assiinie<l to Ik* t)oo''Iv find that in the transition layci 
3 oo”K. The sun is Takiai to he radiatiiyur like a black hod\’ at hSoo®K Calculations show that 
tlic-rc' are ionisation inaxinia at .ysoh^ti* due to (), at iho kni due to N.. an<l oo kin due to n„, 
'riu-se three maxima are identified with the l'«, and 1{ i re.irions. 

'fhe most interesting point to he noted is that attempts at obtaining trom theoretical 

eonsideratitais a la\er ionisation at the height of the li , reyion havi* hitherto failed. Ihis, 
in fact, prompted Chapman to luit forw ard the hypothesis that the ionisation of the h regioti 

was due to ultra-V’iolet radiation while that of lht“ h' regiiui was dne to the hombardmeiit of 
neutral corpiiselcs shot off from the sun It is well-known that oliservatioiis during solat 
eclipses prove definil(.‘ly that the region uuiisatioii is also dm* to solar ultra-violet radiation , 
'fhe work described here thus removes tin cinomaU regarding the formation of the h<i layer. 
It can now he definitt'lv Asserted that the region round iod km in wdiieh rafrid transition of 
O 2 to ( ) occurs is also, as a conse(|uence, the region of maximum ionisation of ( ) . and that tlie 
ionised laver formed near this level is to bi‘ identified with Ihi* Iv 1 layer, 

1 N T R O D U C T T O K 

Tlie ionosphere is now kno\Mi to be stratified into a number of regions or 
layers of inaxinium ionisation. The layers of most irersisteiit ionisation aiein 
the upper atmosphere above go km. In recent years strong evidence ^ has been 
obtained of the occurrence of ionised regions in the middle (i5-c)0 km.) and also 
in the lower (0-15 km.) atmosphere. The heights and the accepted nomencla- 
ture of these regions of ionisation are given in the table below, 

TCfjuivalent height. NomeiKlatuie, 


Lower atmosphere 

• 1-15 km. 

C| region 

All r1 die atmosphere | 

1 I5"d5 M 
' .Sof>',S M 

C 2 .. 

D 

( 

Tapper atmnspliere ^ 

^ por-2(» ,, 

1 150-T70 ,, 

1 t8()-220 ,, 

. ?.?(3 km. upwards 

K. „ 
n.. 

1' 

i'., 


* Communicated by the Indian Physical Societv, 

9 
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Of the layers in the upper atmosphere Ei and are permanent features of 
tlic ionos[)hcre and are found to exist at all times of the day and night throughout 
the year, lio and Fj arc generally present during the daytime. Compared with 
the layers ill the upper atmosiiherc, lliose in the middle and the lower atmosphere 
arc very irregular in occurrence In fact more recent observations^ appear to 
sho^v that (he B and the C regions occur only occasionally as patches or blobs 
of ionisation which can rcnecl radio waves. 

The origin of the slratihrtion is still ill-understood though the agency 
causing the ionisation is now known more or less definitely to be the solar ultiV 
violet radiation. Besides the solar radiation a number of agencies of geophysical 
oiigin like thunderstorms, meteoric showers, -etc., have also been suggested 
producing ionisation, the former particularly in the lower regions of the ionos-\ 
phere. Appleton” suggested in 1(133 that the lour upiiermost regions arc connect- 
ed with the ionisation potentials of nitrogen and oxygen atoms and molecules, 
though he did not ofi'er any definite explanation as to the mechanism of the 
stratification. 

Pannekoek'^ in 1926 developed a method of computing upper atmosphere 
ionisation by assuming the sun as a black radiator and applying Woltjer’s ' 
extension of Saha's the(“)ry of thermal ionisation. vSince in this the^^ry the absorp- 
tion of the ionising radiation hy each of the constituents is ctmsidcred 
separately it is to be expected that the different constituents should, in general, 
yield different distribnti(ms of ionisation with height. The stratification and 
other details of the ionosphere were unknown at the time of Pannekoek’s work 
and the significance of the results of his analysis were not properly appreciated 
when his pajier was published. 

After the discovery (if the two main stratifications of the itmosphere, Ki 
and Chainnan in 1931 attempted to apply Parinekoek’s analysis to explain 
the strati licalion by assuming the upper atmosphere to consist of O2 and O 

and taking the temperature to be about 3oo‘’K. Chapman was unable to trace 
tlic origin of the i(anisatioii maximum at tlie level of the lii region, i.e., at about 
tod km., to any known process of atomic or molecular ionisation. This result, 
as is well-known, led him to offer the hypothesis that the upper layer is due to 
the action of solar ultra-violet radiation and the lower one to the action of high 
speed neutral corimscles shoCoff from the sun. Subsequent observations during 
solar eclipses," hoA\ ever, failed to substantiate CliapmaiTs theory. At the same 
time Chainnan ^ developed his theory of ionisation by considering the absorption 
of monochromatic ladiatioii in an atmo.sphcre rotating Avith the earth. The results 
of his analysis haA^e been widely utilised for studying the wu iation of ionisation at 
different hours of the day and night and in different latitudes. It has recently been 
shown by vSaha and Rai*' that Chapman's theory if it were ^properly developed 
and extended,’ would have led to the same result as that of Pannekoek, 
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Since the publication of Chapman's work our ideas regarding the stale and 
constituents of the upper atmosphere have undergone considerable modificatiom 
In view of this it is desirable that the problem of the stratilication of the 
ionosphere be re-examined in the light of our newer knowledge regarding the 
upper atmosphere. This has been done recently by the writer both with regard 
to the formation of the uppei Fi and F-j layers and the lower K, layer. A 
communication^ on the former was made to the Malheiiiaties and Physics 
section of the Indian vScience Congress (January, 1038) and the results arrived 
there are described here after revised calculations. In the present paper the 
question of the K 1 layer ionisation is also discussed. In connexion with this 
latter it should be mentioned that it had not been hitherto i)ossible to explain the 
ionisation at the level of the layer l.>y the application of Pannekoek’s theory. 
In a recent paper by llulhurt'* in which he has utilised Pannekoek’s formula 
111 a inoditied form, no indication of ionisation below 200 km. was obtained. It 
will be shown below that this curious result of the analyses by the above 
w-orkers, namely, no evidence of ionisation at theF| layer level, maybe traced 
to the special nature of the assumptions made regarding the distribution of Or^. 
Pliilburt has avssuined that ( 'S distributed above no km. according to 
Dalton's law, the temperature of the atmosidiere being 360^!^. The distribution 
of O2 assumed by Chapman has not been deliiiitely mentioned. It is now 
believed, however, that due to the photo-dissocialmg effect of the solar radia- 
tion all the U 2 molecules above about 130 kni. are completely dissociated toO, 
There is thus a layer of transition between, say, 80 km. and 130 km. in which Oy 
is transformed to atomic oxygen. Consideration of the photo-ioiiisalion of in 
this region of transition shows that an extremely thin ionised layer is formed 
with a maximum of ionisation at about 100 km. level The dcfiniie ct^iserhuu 
can thus be made that ihe too hm. level lehich is (he level of rapid Itansilion of 
0*2 to O is also, as a consequence, Ihc level of maximum ionisation of ( >2 and the 
ionised layer f aimed in this legion is to be identified leith ihc Jayii. 


P A N N F K (.) K K '8 JM E T II O D AND 1 T S M O I) I P I t A T 1 ( ) N 


As nieiitioiied above Pannekoek s method ol ti eating the ionisation of the 
upper atmosphere has been the 4?arliest and is the must geneial method In 0111 
calculations of the distribution of ionisation due to the various gases, ue will use 
Pannekoek’s method* with certain minor modifications. We mnv proceed to 
discuss briefly the derivation of the working formula wliich we have actuall>’ 
employed in section 5. 


* 1 an. greatly indebted to Prof M.N. Saha for the kiu.l help I received hn.i n. 

clearing up a number of points in Pannekoek’. theory and aho lor helpful evitidsn.s .ega.diug 
Ihe contents of this paper. Fig. i depicting the absorption, by N^, and by O, in the r<-g,on 
A<ioooA is drawn at liis .suggestion. 
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(a) Wall jet and Milne* s extension of the Saha Ionisation Formula 

The theory of the'ionisatioii of elements by the heat was, as is well-known, 
first ji^iveii hy Saha^® in The fraction of a hot gas which is ionised is given 




9 . • ^ = 




(i) 


where y is the fraction of the gas ionised, 

— the total ijressLire due to the ions, electrons and neutral atoii\s 

(dynes/cm^O, \ 

///.. — the mass of electrons (gins.), 

'r — the absolute temperature of the gas in the equilihriuni state 
(degrees absolute), 

h — Planck’s constant, 

0 

k — Boltzmann’s constant, 

X — energy of ionisation per atom (ergs). 


The formula strictly holds when the gas, the electrons, the ions and the 
radiation are in perfect thermodynamical ecjuilibrium . One however meets with 
difticult>' if one tries to apply the formula to the case of the atmosphere of a star, 
say, that of tiie sun, which is at a temperature of about 500 '’K but which is 
traversed by radiation at a temperature as high as bSoo^K emanating from the 
photosphere. The cavSe might be compared to the laboratory experiments in 
which light from an arc at 4ooo°C emitting like a black body is made to traverse 
a column of sodium vapour at a temperature of 400"" to 500°C. vSince the 
case of ionisation of the earth's atmosphere belongs to this class — the temperature 
of tlie atmospheric gases being, say, 300"’ to t5oo®K while the leiupcrature of 
solar radiation is ()Soo"K — the Jsalia ionisation formula as given above in its 
original ionn caniiol be applied, (hie has tj^crefore to suitably modify the 
ionisation formula in order to^pply it to tlic case under disemssion. 

A preliminary attempt in this direction was made by Saha and Sur^ ^ but 
the correct formula was later derived by Woltjer. The thermodynamical deriva- 
tion of tin’s formula is rather complicated. An easier deduction based on kinetic 
theory considerations was given hy Milne in 1924. Starting from this formula 
^ve shall i)rocecd to com]nite the ionisation of the upper atmosphere according to 
tlie method indicated by Panuekoek introducing tlie necessary modifications at 
their proper places. 
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Woltjer showed that 


Ui Uf, 



Snliv 



{ 2 ) 


where n t is the number of ions per tinit volume, 

}i ^ — number of electrons per unit volume, 
iV — number of atoms per unit volume, 

V — frequency of the radiation, 

I — intensity of the radiation of fiequency r, 

— ] probability coenicient, il gives the fraction of the total number 
of atoms ionised when radiation of unit intensity and of frecpiency 
1' is incident upon them. 


— value of ^ ” ' --in the equilibrium condition, 

N 

J O 

is at the same temperature with the gas, 

I'o — threshold frequency for ionisation. 

T — temperature of the gas in degrees absolute, 


wlieii radiation 


c — velocity of light. 


( 6 ) Modification uj the above Formula for l.imiled liange of Inlc^rativn 
over which Fhoto-clccliic Absorplion is assumed t onslanl 

The evaluation of the integrals involved in eqn (2) requires a know ledge of 
as a function of V. I-’aniiekoek has assumed to be proportional to 1— 
It is known, however, that connected with the atomic absorption co- 

efficient by the relation 

'l'y= y„ //>'■■ 

As will be seen later on wi,- .shall assume the aI)Sorptioti coefficient to be 
constant over a limited range of integration. It follows from this assumption 
that = A/ 1' (where A is a constant) w ithin these limits. 
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We may therefore write eqn. (2) as 



where 

coefTicienl 


and i'' are the limits Ijctween 
is assumed to he constant. 


which the photo-electric absorptio: 


hmcc, e * » 1, we may put 


1 




Stt/h 


« ^ where T] is the temperature of the black body. 


Remembering these, the above eqn. becomes 


n i Hj. 
N 


when 


n iih 

"N 


’0 

Suhy^ ^—hvjkT 


dv 


dv 


n, II, 

N 


T ; r- ■ 


J 

j: 


a;? <! -^'dxj 
^ 1 0 




it\ 


Aj = hv/kT^ and x—liv/kT. 


Now it can be piovcd that 


n,n. P 

N kT ' 

y having its previous significance. 

frojii 
0 

the original Saha formula ieqn. i), we get 


Taking this into account and substituting the value of 


HtHf 
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where p is in dynes/cm/'*' and x is* in ergs 

The expression on the right hand side of this equation is different from 
that of Pannekoek. If, however, the values of the limits v,, and r' are 
such that 



and that » a* 

then it is easy to show that eqn. ^3) lakes the form 




(27rm 

h'^ 


'X/^T, 


■ (4) 


which is the same as that of Pannekoek ’s. 


3. APPLICATION TO T II R K A R T H’ S ATMOSPHERE 


In calculating upper atmospheric ionisation from eqn. (3) it is necessary, 
lirst of all, to find out what fraction of the total energy radiated by the sun per 
second enters into the earth's atmosphere The value of this fraction is 
oj/4n- = /i, say, where is the solid angle subtended by the sun at the earth. 
Chapman^' and Saha and Rai^ have taken ft — j/230,000; we shall also use 


this value. Hence we have to multiply the right hand side of eqn. 
so that we get 


H 

-^.p=i3 n r 

I — y 





(3J by ft 


say... (5) 


Nou the density of ionisation at any point due to the photo-ionisation 
of a particular gas depends upon the intensity of the effective radiation reaching 
that point. This intensity will, in its turn, depend ui>on the absorption 
suffered by the radiation in passing through the superincumbent atmosphere. 
This latter can be calculated if we know the coefficient of absorption y of the 
gas per atom or molecule and also the distribution of the pressure of the gas with 
height ill the atmosphere* 
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We may therefore write eqn, (2) as 



where »'o and v' are the limits between which the photo-electric absorption 
coefficient is assumed to be constant. 


Since, 1 » vve may put 

T ^ Snhv^ 1 

« bTThv ^ ^ where is the temperature of the black body. 


Remembering these, the above eqn. becomes 



where .^1 = /n'/A’Ti and A—lwikT^ 


Now it can be proved that 

nijir _ p 

N * 

* 

y having its previous significance. 


Taking this into account and substituting the viable of 
the original Saha formula (eqn. 1}, wc get 
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p „ fet T^3T^-hf.-xlkT 

h'’ 


i *?e dxj 
’*10 


-r- e dx 


- ( 3 ) 


where p is in dynes/cin.'^ and x is in ergs. 

The expression on the right hand side of this equation is different from 
that of Pannekoek. If, however, the values of the limits Vf, and v' are 
.such that 


\x'^e ^ dx 


» \x' ‘^e dx' 


and that x'^ » .v 

then it is easy to show that eqn. ^3) takes the form 


y^.p ./ir,. 

— -i; " /-i * 


... (4) 


which is the same as that of Pannekoek 's. 


3. APPLICATION TO THE EARTH'S A T M O S P PI B R R 


In calculating upper atmospheric ionisation from eqn. (3) it is necessary, 
lirst of all, lo find out what fraction of the total energy radiated by the sun per 
second enters into the earth's atmosphere The value of this fraction is 
(i)/4:r = ^, say, where 0) is the solid angle subtended by the sun at the earth. 
Chapman and Saha and Rai^ have taken fS = 1/230,000; we shall also use 
this value. Hence we have to multiply the right hand side of eqn. (3) by I 3 
so that we get 




Now the density of ionisation at any point due to the photo-ionisation 
of a particular gas depends upon the intensity of the effective radiation reaching 
that point. This intensity will, in its turn, depend upon the absorption 
suffered by the radiation in passing through the superincumbent atmosphere. 
This latter can be calculated if wc know the coefficient of absorption y of the 
gas per atom or molecule and also the distribution of the pressure of the gas with 
height in the atmosphere, 
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Let iis suppose that the 4^nsity N,^ of a gas at a height z above a certain 
datum level be giveit by ‘ 

... . - 'N,=/{No,^4 ' , (6) 

wJktc No is the number of molecules or atoms per c.c. at the datum level. 

Let us now consider an atmospheric layer of thickness dz at the height 
and of unit cross-section. The absorption of the radiation , in passing through 
Ihis layer will obviously be given l)y 


dl 

I 




wlierc 1 is the intensity at incidence, 

7 — the absorption coefficient per molecule or atom, 
and .3 is reckoned positive upwards. 

vSubstituting for N, from eqn. ((>), we get 

Y = 7/(No, z)dz 

Integration yields 

fN. 

71 /(No, z)dz 





where. lo is the intensity at the level at which N is zero, i.c., outside the atmos- 
phere of the absorbing gas. 

The divStributioii of pressure generally follows the exponential lavA*, i.t;,, 

N,-/(No,.^) 

^ Oz 

= No e 

where is a constant which determines the nature of the distribution. Wc 
then have 


I = Io^ 




It is evident, therefore, that to obtain the actual ionisation density produced 
by the incident radiation at the height :: at which the density of the gas mole- 
cules 'or dtoms Is N^ the expression for K (eqn. 5) will have to be multiplied by 
tlie^ factor - 

i'hus 




r»-7N,;i9 


(<?)■ 
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A. UPPER ATMOSPHERIC C O N S T T T U E N T vS. AND THEIR 
T E M P E R A T U R E AND ABSORPTION C O E F F T C I K N T vS 
ASSUMED FOR T H E C A L C U L A T T O N S 

111 order to evaluate the right hand side of eqii. (8) it is necessary that we 
know the properties of the atmosphere we aie considering A knowledge of the 
temperature, constituents and pressure distribution in the upper atmosphere as 
well as the absorption coefficients and the limits of absorption of the constituents 
is necessary. We give below the assumptions we have made with regard to 
these and also our reasons for making the same. 

(a) Uppet /iiniosphcric Constituents and Temperature 

As mentioned in the introduction our ideas regarding the temperature and 
the constituents of the upper atmosphere have in recent years undergone consi- 
derable niodificatioin Leaving aside the older view prevalent before the identi- 
fication of the auroral green line (of atomic oxygen) that the higher regions of 
the atmosphere consisted of the hypothetical element geocoronium, the belief 
that the main constituents of the upper atmosphere were hydrogen and helium 
persisted for a very long time. These gases were subsequently shown to be 
liable to escape fiom the atmosphere owing to insufficient pull of gravity. The 
view held till recently liad therefore been that the upper atnio.sphere constituents 
were No and (>2 Even this view is now losing ground and our latest concep- 
tion regarding the upper atmosphere is that it consists of Njj and O. The 
absence of ()2 is explained as due to the photo-dissociating action of the solar 
rays converting all the 0*2 to O down to about loo km. level. Since our calcu- 
lations on the ionisation in the atmosphere will be based on the assumptions that 
the atmospliere below lOo km. consists mainly of N2 and and that above, of 
Ng and O and there is a layer of transition between the two remnd about 100 km. 
we would discuss these points in a little more detail. 

Tlie dissociation ofOj to O is brought about by the absorption af the 
continuum of the Rulige-vSchuinanii bands beyond A1750A according to the 
following reaction 

The first atom is in the normal state and the second one in an excited state. Nov 
since the process of recombination depends upon the pressure, the oxygen atoms in 
the rare high atmosphere will be almost permanently free while tho.se in the lower 
and the comparative!)^ denser atmosphere will recombine and produce O.^- There 
will thus be a transition layer between the high and the middle atmosphere in 
which the amount of O2 would rapidly increase with decreasing height while that 
of O would rapidly diminish till it is practically non-existent. Calculations carried 

10 
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out recently by Majunidar/® though not quite rigorous, show that the transition 
occurs fairly sharply and that the atmosphere at and above about- 130 km. is almost 
entirely devoid of Os- 

On the basis of the above we have assumed the following constitution of the 
atmosphere. From the ground level up to 80 km. the atmospheric constituents 
are principally N ^ and Og (except of course the ozonosphere between ao and 
45 km.) in a more or less mixed state. Between 80 and T30 km. the density 
of the, 0 2 molecules decreases rapidly while that of O increases. This decrease 
of the density of O.,, we assume to occur exponentially according to the 
equation 

• — 

N, = No c 

where s is the height reckoned from the 80 km. level, No the density at this level 
and 0 is a constant. The value of No is known to a fair degree of approximation 
from radio and other meteorological observations and is taken as equal to 
i'6xio’* O^-molecules/c.c.' ” At 130 km. the number of O^-molecules is 
greatly diminished, which we assume to be by a factor x lo"'"', so that, it is 
10* molecules/c.c. These assumptions give the value of 0 to be o‘46 x io~ 

Above 130 km. we assume that the only gases present are No and (.) and that 
these are m diffusive equilibrium under the action of gravity. In other word.s 
each of these constituents are distributed according to Dalton's law 

N,=Noc molecules/c.c. 

where No is the density at the datum level (130 km.) in molecules/c.c., 
w — the mass of each molecule, 
z — the height reckoned from the datum level, 
and T— the atmospheric temperature at the levels concerned. 

It should be noted that we have as.sumed above that the upper atmosphere 
con.sists mainly of N2 and O. In other words, we have assumed that unlike Og, 
Ns is not photo-di.s.sociatcd. This assumirtion is based on the fact that the 
forbidden lines of N are apparently absent in the liglrt of the night sky and 
of the aurorae. According to Saha,’' however, this apparent absence is not 
to be regarded as a criterion for the absence of N in the upper atmosphere. To 
quote his remarks, — 

” The forbidden lines of nitrogen arc 
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A 

1923 1 J 
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The last is in the infra-red and has not yet been observed either in the morning 
or the evening flash, A3467 4, is too far in the ultra-violet and has not 

yet been found. A5202, is promising, but it is unfortunately mixed up 

with the (0,2) bands of N^. Sommer at one time identified the line observed near 
A5306 as being the 'S- '*D line of N, but the matter needs careful reinvestigalion. 
The discussion shows that as yet there is no definite evidence for the presence of 
forbidden lines of X 1:1 the night-sky spectrum, but this does not absolutely 
exclude the possibility of their occurrence.*’ 

Since the above was written by Saha, Kaplan ® and also Bernard^ ^ simul- 
taneously reported the existence of a line A3470 in the spectra of the light of the 
night sky and of aurorae. This has been provisionally identified with the line 
- 2 P, the wave-length of v\liich is A3467-4A. In a private letter to Prof. Saha, 
Prof. Kaplan informs him that his new measurement with an apparatus of higher 
dispersion gives the wave-length as A3_i67A. It seems, therefore, that the identi- 
iicaliou is salisfactoiy and that one cannot altogether deny the existence of atomic 
nitrogen in the upper atmosj)here However, in the absence of more detailed 
knowledge regarding the presence and distribution of atomic nitrogen v\chave 
in ih^ present com nunicatiou tliought tit to omit the consideration of this gas 
in subsequent discussions. 

It may also be noted here that the .hypothesis that the upper atmosphere 
consists chiefly of N2 and O raises a difficulty with regard to the explanation of 
the production of aurorae at great heights — 1000 km. and above. The spectra of 
the aurorae give unmistakable evidence of the presence of molecular nitrogen but 
it is difficult to see how^ No molecules can reach such great heights. On account 
of diffusive separation between N 2 and (), the former will occupy the compara- 
tively lower regions of the upper atmosphere and the highest regions will consist 
mainly of atomic oxygen. This difl'icully, which is a seriou.s one and to which 
attention* has been drawn by several workers, can be met with if we accept the 
auroral hypothesis developed recently by Hulburt and Maris. Accoiding to 
these authors iiitiogen molecules x^^'oducing the aurorae do not attain the auroral 
heights from the denser atmosphere directl5’^ below the aurorae but are transported 
to the auroral regions from the low^er atmosphere alxwe the equatorial regions by 
being ionised by the solar rays and guided by the terrestrial magnetic field. 

The temperature of the high atmosphere which w^e arc concerned with is 
still a matter of speculation. Anomalous variations in the election dem-itj of 
the F region of the ionosphere lend support to the hypothesis of a high 
temperature in this region. Maityn and Pulley ' think that the teiiipeialiue 
betw^een 100 km. and 300 km. level rises linearly from 1200 K. In 

view of the still doubtful nature of this too definite avssumptioii we have taken 
the temperature to be uniform and 6oo°K. The temperature between 80 and 
130 km. in the transition layer (O2 — i- 0 )is taken to be 300 K. Consideiation 
ill regard to the application of Pannekoek’s method for calciilating the ionisation 
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distribution is also one of the reasons for assuming a constant temperature. 
In the case of the temperature varying witJi height, as Wilclt lias shown, the 
tlieory of thermodynamical equilibrium no longer holds. 

In table i the assumptions regarding the composition, i>ressure distribu- 
tion and temperature described above are summarised. 


Tabi.k I. 


Rcgioji. 

Mean 
I'emp. T. 

! Constituents. 

80 km. 



to 

300’ K 

N*, 

130 kiJi. 


and 0 

130 km. 
upward s 

600 'K 

1 

'» i 

1 


and 


No 


Dcufciitv Distribution. 


For ( )2 


-Hz 


N , Neti 
N(j — J'6 X molecules/t’.c. 

d = 4‘6 X lo' ® 

Datum level — 8u km. 


Nn 


= 4 X atoms/c,e. for O 


= i'6 X 10^-^ molecules /c:.e. 
for 

Datum level — 130 kiu. 


The values of No for N^ and ( ) at 130 km. are calculated from the data 
given m a recent paper by Mitra and Rakshil on the distribution of the 
constituent gases in the upper atmosphere. 


(6) The Coefficients of Absorption 

In section 3 \N'e have seen hov\ the ionisation formula (eqn. 2) should be 
modified when one is ia calculate the ionisation of a gas of which the 
absorption coefficient is constant within certain frequency limits. (Jur knowledge 
regarding the alxsorption coefficients of tlie constituents which we are considering 
are extremely meagre. All ptevious workers on this i)roblem have utilised the 
well-known formula of Kramers developed for X-ray absorption : 

3 ^^3 ■ c ■ [hvr 
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We will also do the same* for Go and No. For atoiiur oxy^^en we will utilise 
the value of the absorption coefficient recently obtained l)y vSalia and Rai’’ from 
wave mechanical considerations. 

It will 1)e seen tlial Kramers’ formula involves the atomic number Z. 
When a[)plied to the case of molecules like No and O.j, Z cannot obviously be 
identified with the ordinary atomic number on account of tlie effect of 
'‘screening of the nuclear charge due to the .presence of the outer electrons. 
To compensate for the screening effect the calculated value of dor >' = Vo) 
has to be multiidied by a fraction. The magnitude of this fraction can be 
estimated by comparing the value of the absorption coefficient for O as deduced 
from Kramers* formula with that deduced quantum mcclianically l)y vSaha and 
Rai. This fraction is found to be (vSaha and Rai ; Kramers) i/g for the proce.ss 
O'^P — It will not be unreasonable to a.ssume that the fraction is of the 
same order for Go and N 2 - t)n account, however, of the uncertainty and also 
the large range values i)Ossible vve have carried out our calculations by 

assuming this fraction to be i/io and i/5f‘, so tliat if at any future date 
more exact values oi the absorption coefficient be available either experi- 
pieiitally or from llieoretical considerations it may be possible to identify the 
results of one or other of the above sets of calculations as tlie actual ionisation 
distribution. 


(rj Liniiis of Absorpiion 

The limits of the wave-length ranges absorbed by the gases with which 
We are concerned may be obtained from spectroscoj)ic data. ()ur knowledge 
regarding the absorption of ultra-violet light by N 2 > fhj and (.^ has been collected 
by Saha,'' ' and hy Chainnan and krice.^’' For cun veuience, W'C present here 
the collected data only for wave-lengths A< luooA. in the accompanying table, 
since it appears tliat wave-lengths above this value cannot ap[)reciably ionise any 
of the above atmospheric gases. t 


^ The iipplieabilitv of Kinniei>' lavN to the eases in question is open to serious 
objection. « though till recently it was being used by various authors in connection with astro- 
physieal problems. Kcceiill} T. b. rage*« of Oxford has earned ont experiments to test 
the validity of this law in the case of tlie hydrogen atom and has coiieluded from his 
results that tlie ust' of Kranu rs’ law in astrophysical probh ms is unjustified A very 
interesting di.scUMsion in this eoniieclion in which scATral eminent astrophysicists took part 
has been recently publisjhed in “ 'Die Observalory.” 

t There is a possibility that aloin.s or molecules in some of the excited states may be 
photodonised hv light of fiequeiuw less tlian that corresponding to the ohsen^ed ionisation 
potentials. Hut this possibility is left out of consi delation in the present discussion. 



i76 


/. N. Bhar 

Tablk 2. 



Mole(ailar 

Nitrogen 


1 


Molecular 

O.xygeii 


Spectral Region. Phenouiena observed. Remarks. 


A\iooo- 795A Rydberg sequence of First observed by Price 

I absorption bands converging and recently by 
I to the limit A795A. A few Worley and Jen 
, tenths of a mm. at N.T P. kins.*8 
I cause almost complete absor- 
I ption. 

^<795^. I Continuous absorption Ob.scrved by Worley 

commencing at A795A (i 5 ' 5"3 and Jenkins ^8 

e. v. . Each quantum absorb- 
ed produces uorwal and 

electron. A few tenths of a 
min. at N T.P. show the conti' 
nnnm. 

^^795 661 A Rydberg secjnenee of absor- 

ption bands converging to the 
limit a66iA. A few hnndrcths 
of a mm. at N. T P. suffice to 
I bring out the absorption 
I spectra. 

A <661 A I Continuous absorption 

I comincneing at a66iA 118-67 
! o.v.l. Each quantum ab.snrb- 
i ed produces excifed and 
I electron. Absorption same a.s j 
above 


Scj ie.c of dillusc absorption Observed by Pilce and 
bands tending to the limit Collins. 3 ' 

A1019A. A few tenths of a 
mm. at N. T. prodnee com- 
plete absorption 

An expected continuum of Not yet definitely 
ab.sorption commencing at observed 
A1019A (12 j e. V 1 Each 

quantum ab.'.orbed .should 
produce O'!, normal and elec- 
tron Very weak ab.sorption. j 

b) Complicated svsleni oi i 0 b.se rved by Hopfield 

ab.sorptifiTi baiuls ( 11 , I, ) and by Price and Col- 

which may be fitted intr) a Ryd- ; bus 
berg sc(|ucncc converging to 
the limit A764.7.A (16 14 e.v ). ^ 

(il) Anothei ‘iyslem of 1 

bands (M, N, \ ftirmiug 1 

Rydberg sequence ct-nverging ! 
to the limit A744A (16.5 e v ), ' 

iin) A third .system of ! 

bands Q, forming j 

dberg sequence passing to ! 
the limit A670A (18 ^5 e v ) 

b’l'l An ionisation continuum i 
i'orrespntiding to the second ! 

sy.stem (M, N ) of bands j 

starting abruptly at about ! 

A740A (16.7 e.v.). ! 

Absorption in all the abc*ve ; 


AAr.^oo-ToigA 


a<io]9A 


A A 1000-6 70 A 


Observed bv Hop- 
field *8 and recently 
bv Tak amine and 
others.3o 



cases i.s very strong, a 
hundredths of a mni. 
N T. P. being sufllcienl 
show' the bands clearly. 


few' I 
at 
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Spectral 

Region. 

Vlivnoinena observed. j 

Remarks. 

Atomic 

Oxygen 

x<9tQA 

Each quantum absorbed i 
leads to the reaction : 

0 ‘’P — (13.55 t.v) 

The intensity of absorption 

I is not known experiment- 
ally. Absorption coefficient 
calculated theoretically by 
Saha and Rai is 218 x lo*" ' ’ 
cm.* per atom. 


X < 858A 

(i4‘4 e V.) 

Effect negligible 


x<744 

0*7;— (16.5 e.v.) 

i ” 


In fig. I the data collected in the above table are represented graphically. 




Fig. I - .Absorption spectra of N2 and Oj. The r ertical lines represent the positions of the 
observed absorption bands while the heights of these lines represent the relative 
intensities <>f absorption approximately. 


The ionisation of any of the constituent gases may, from considerations of 
the data giv'en above, be regarded as the result of absorption of light within a 
ftarticular range of wave-lengths, e.g., /\A9io-744A for atomic oxygen, AA744-661A 
for molecular oxygen and A < 661A for molecular nitrogen. The lower wave- 
length limit of absorption of nitrogen is not known but for purposes of calculation 
we shall take it as A585 A . 

In table 3, the limits of the absorption ranges, the coefficients of absorption 
aud the ionisation potentials of N*. Oj and 0 arrived at in the light of the 
pbove considerations and used in our calculations are summarised. 
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Tabi^e 



Limit of abf^orptioii 

Logarithm of 
coefficient of 
absorption. 

Ionisation 

potential. 





C) 



13'55 V.) 


AA744.661A 

(/) ir 23.14 


* h j 

VV4 ’036-4 '568 X 

(ii) ^ 8'5354 

76‘5 (c. V.) 


AA661-SS5A 

(/) i 8 ’ 98 ,S 4 


N2 

m^4‘56S-5'i.2S X TO*^' 

1 a /) iS'aSft’ 

18-67 (c. V ) 


In the actual calciilaliuns it is necessary that we lake into account the 
variationo f with frequency. In the case of Oo and N., this variation follows, 
according to our assumption, Kramers* law, /.t ., varies as liv*. In the case 


of O, according to Saha and Rai,*' y,, varies as ^ - ~~ j- If these varia- 

tions are taken into account over the ranges wc are dealing with it is found (see 
Appendix) that the mean value of y is of the order of . Our calculations 

have been made with these mean values of the absorption coefficients, treating 
them as constants throughout the eiitiie ranges of integration. 

i,. R K S li h T S O F C A Iv C U h A T T O N S 

The values of K for O, (),> and N. are calculated from ctin. (3) with the 
proper limits of the integrals given in table 3. It should be noted that for the 
particular values of the limits dealt with, eqn. (3) approximates, as pointed out 
in section (6), very closely to Paniiekoek's eciuatioii. 


(a) Ionisation due to 0 

It may be seen in table 2 that the radiation in the range /\AgTo-7.^4A which 
is responsible for the photo* ionisation of O may also be partly absorbed by N.. 
This latter absorption will evidently reduce the intensity of the radiation available 
foi the ionisation of ( ) and hence the ionisation density due to O will be less than 
what it v\ ould have been in the absence of No. The reduction, however, will not 
be very great since the relative density of the N. molecules at the heights at which 
the ionisation of O is produced is much smaller than that of O atoms. Tacking 
deiinite knowledge of the intensity of alisorption by No in this particular band, 
we shall assume that the radiation in this band is reduced to o'o^ of its original 
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value on this accoiuil, Henc'e, to calculate the ionisation clue to ( >, we have to 
uiultiijly the right hand side of eqn. (8) by the factor 0 05. Thus we have 


1 



o'o5 K a 


-yNje 


lieinenibering that u,., the number of electrons or ions per c. c., is given l:)y 
that « i and that p = we get 

,, ^ \/oo5KN, -l.yN jo 

"" />T • 

We have already assumed (Table i) that the distribution of either of the 
gases and O obeys Dalton’s law above J30 kin. level. Hence the \'aliie of is 
iiigIkTy \^'hele in is the mass of the oxygen atom. 

The above equation gives the ionisation density corresponding to () at the 
height rj at which the number of atoms per c. c. is N > 


ih} Jonisaiion duo io Oo 

The wave-length range responsible. for the ionisation of O;. is AA 7^4-061 A. 
Theie is, however, absorption by N. and (”> near this range of wave-lengths 
commencing from A800A and fioni A744A, respectively. We have assumed 
that Om exists in the lower and in the middle atmosphere and also that there is a 
transition layer in which Oo is gradually replaced by O bet ween So and 130 km. 
Tlie ionising wave-lengths (for O^) AA744-661A will, therefore, be partly absorbed 
by the overlying No and O before reaching the tiansition layer. The value of the 
absorption coelbcient of O is not known. Our only knowledge regarding the 
absorption by N;. is that a few hundredths of a mm. of nitrogen at N-T-P. suffice 
to show the bands commencing at A 800 A. The amount of and O above 
130 km. being about o’g and 0*45 mm. at N. T. P , it would not lie very wdde of 
tlie mark if we assume that the intensity of the ionising radiation reaching the 
transition layer is reduced by a factor o'ooi. This reduced value of the intensity 
of the incident radiation is used in our calculations. We thus have 

y~ . T- 

A - , p ~ o 001 K e 

\-yr 

And as before ^ ^ 

A /o’ooi ^ 

n.. - 

\vli(jrc ^ ^ (see Uibk- 1). 


* iiH' (kiiliiiii sysiitns, si> tlml )i , n 


n 
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(r) Jouisaiion due to 


Radiation of wave-lengths in tlic nmge AA<‘ 66iA which can ionise N 2 - 
is not known to be absor!)ed by any of the abo\^e gases. In this case, therefore, 
we have simiDly 


,= 'V 


feT 




where 0— inglk'l\ m being the mass of the molecule. 

We now tabulate the values of K, y, T and 0 for the respective constituents. 

Table ..p 



O 

o, 

i 

Na 

logioK 


1 1 

; ”-4 1 

1 1 




i >'1 1/^507 

{i) iS‘gr>53 

l^^gloT 

I 7 ’ 334 S 

1 

1 (//j i.s*^r)()7 

{ii) 18*2063 

T 

tjoo'K 

i 

j 3(K)''K 

)( J '' K 

logKjfl 

7 5 "J'> 

() n62S 

! 

77 -Mi 


With the help of the above data, the values of for different values of N. 
are calculated for each of the constituents and for each set of x^alues of > for 
and N 2 ' The height at which a particular value of occurs is obtained from 


the data given in table i. The results are tabulated below . 

Table 5 , 

(a) Ionisation Distribution due to Atomic Oxy^cfi 

N 

Height .*ibo\e 

Ionisation density 

( Molten U*s per e. e.). 

ground 
(Km ), 

(Klectroiis/e. e.). 

iqII 5 

KSS 

jo2*99 

) 


191 

1 

i 

[j 

228 



m 

. -!f’4 

Tofl-77 

ro® 

336 

1 

106 n 

lO^ 

i 

.1n« 


10*' 

554 j 

1 

yn4 92 

ir )4 

1 

700 j 
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Taim.k. 5 (could.). 

(b) lonisalion Distribution due to 


N 

(TNIoUh'uIcs per r.e ). 

nL-ij'ht 
nluive ^^rnunil 

lolii^alion density 

(KlecLroiis /c e.) 


(Km I. 


Hi) 7:^-1018-1607. 

KlWli 

i 

i 


lo 2 -« 

lr)»3 

1 86 

Very siimll 

,o5.18 


! 

JU*'> -17 

IO.V9J 


1 

90 

1q,'v4R 

lo-s •'‘:i 

11)10 

! 101 


lo5'04 

1(»11 

' in(i 

l(yl'64 

lo4.M 


111 

1(^,4 -04 

H)4 04 

l(>fi 

1 ::i 

1 jo'l 04 

l(d-04 

ICJ^ 

^31 

; j ()2 01 

i 

1o2‘04 


(t) Ionisation Disiiihution due lo 


N 

Heit-lil 

loniNnlioii ])ellsil^ 

Kleetrons/e.e.'i. 

(Mulei'ule.s pel e e.) . 

al)nvc t^roniid 

(/I 7 - oos' I 

(//) 7-ioi8’2fJcy 

(Kind, 


T 3'3 

j 

7 ^ 5 -27 

1 0*2 

140 

JCl 01 

1 ,, 6‘03 


167 

io 5 'l 

lofi-21 



IqS 84 

TO ® '00 

1q10'6 

uoS 

j 


10^0 

229 

1 JO®'®’' 

20ft'66 

10® 

272 

ioS-1* 


10*^ 

314 

104-66 

lO*®® 

10® 

3 ‘>^ 

! Jcd-fiO 

jq 3 -G 6 

10* 

4H2 

1 U.2-66 

l,,2 OF 

_ , . , - - 


— ^ . - 

- - - _ 
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iMg. 2— Dr Irihutfon of umisr-ition with 
heiglit. y'^i/s(^ TU^ranicr.s). 



Jonisatitin Density iJ\lccl}(nis:C r ) 

s 

Vig. 3 — Di^trihiilioi) of ioniNation wiUi 

7 -- i/io 7(Ki-ainri>). 


The results ai'e plotted in figs. 2 and y. 


D T S C n S S T O N O V U K S T 1 L T S 

As nientioncd in section 4(6), on account of the uncertainty rcgaiding the 
value of y foi 02 and N2> vve liave assumed two possible dill’ercnt values oi y 
for these two gases, fn figure 2 the values of y lor both Oo and No are taken as 
1/50 oi tile corresponding values obtained Iroin Kramers' forniula on the assuin]>- 
tion that the value of Z (effectiw nuclear charge) for (),. and No are S and 7, 
respectively'. It will be seen that the upj)CJ‘ thick line curve in figure 2 which is 
the resultant oi the two curves due to <) and No (obtained by adding tlic 
abscissae) shows two distinct ionisation maxima at the levels of 25c) and 160 kms. 
approximately. The upper inaxinium evidently currest»onds to region h'2 
the lowei one t(j region h 1 . The respective electron densities are b'3 x 10*’ and 
I 6 X lo^' jjer c.c. These values ijre to be regarded as those for equinoxial noon 
ovei the equator, i.e., when the sun is directly overhead. With the variation of 
tlie solai activity the values of the ionisation density of all the layers will of course 
change enormously but it will be seen that the calculated values are of the 
correct order and also that the relative values of the inaxiniurn ionisation of the 
different layers as well as their heights agree closely to those actually observed. 
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The most interesting result of our calculations is with regard to the layer 
at about loo kui. level. There is no difficulty in identifying this with the lit layer 
the presence of which could not be hitherto explained theoretically. As 
mentioned in tlie introduction the position as well as the distribution of ionisation 
of this layer is .determined by the existence of the region of transition of () ,. to (J), 
the influence of which on the production of a layer of ionisation had not been 
considered till now. It will be noted that the layer is extremely thin ; this is in 
conformity with experimental evidence. The calculated value of the ionisation 
density ( 6 '$ '« to'' electrons/c.o.) seems to be slightly in excess of the observed 
value, but this may possibly be due to the fact that the reduction of intensity ip 
the band A,\74,t-(-)6j A caused by the absorption of the overlying Ng and 0 is 
greater tban that assumed in section .s(6). 

In figure 3, the values of y for both and are taken to be i/io of 
yfKiamers). The resultant ionisation curve for the upper region (K layer) does not 
show the lu o .stratifications F i and Which of tlic two sets of values of the 
absorption coefficients [x/.scior i / lo of y) Kramers)] is more probable can only 
be decided by future experimental work on extreme ultra-violet absorption of 
these gases, ft is to be noted that neither the height nor the distribution of 
ionisation of the layer at lookm. (F'l layer) is markedly affected by the a.s.siuned 
changes in the value of 

Without going through the whole series of calculations one can estimate 
how the po.sition of the ionisation maximum will depend on the various factors, 
such as llie temperature, the absorption coefficients and the pressure or density 
at the datum level. 

The height at which the maximum ionisation for a given gas will occur is 
giv'cn by 

Xnni).“ ll log,, NoHy 

wlicic 11 = fcT/mg, the “scale height." 

Inspection of this lormuia sliuws that if y is decreased the height will 
dc-nease. Thus if for the F.j and F' [ layers, keeping y for O cun.stant, we decrease 
the value of y for N ., the effect will be to produce a greater separation of the 
two uiaxinm. 

All increase of temperature of the atmosphere will involve a ri.se in the levels 
of maxinmni ionisation. 

Further if the proportion of nitrogen molecules with respect to atomic 
oxygen at the datum level be smaller than that assumed before {i.c., if N,, for 
is snialier than the assumed value, for ( ) being con.stant) the stiatifiiation 
will be more [.loiiouncecl because tlie level of maximum ionisation for will iie 
lowered down. 
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In the case of the ionisation due to O2, we have 


SlUliX 


1 

6 / 


log , 


NoV 

(9 • 


The value of Nq, the molecular clcusity at the So km. level is known with 
fair accuracy. The value of 0 will, however, vary with the assumed density at 
T30 km., where dissociation of (“>2 is supposed to lx- practically complete. Jn our 
calculations we have taken the density at this level as U)'^ molecules/ c,c., so 
that 0=4-6 xio‘“^. If instead of we take 10^ molcciiles/c.c., 6 becomes 
equal to 2/27 x and heuce the level of maximum ionisation rises to a height 

of about 110 km. for both the values of y. 
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A P P K N 1) 1 X 
(Rcfetcncc ' paj^c 17) 
We have, from Kramers' law. 


y =y 


mean value of y between the limits 


V V-* 


vj, and v' is given by 
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For Oy, vi, = ii'036 X and ^-'=4-5^8 x lo' ('lahle 3). l-Jencc- from 

eqn. fa). 

For N2, =^'568 X 10^ ^ and v' = 5-i28 x lo' Hence y-™o’84 y 

For O, we have'* 



iiicau value of y between the limits vq and v' is ^ivcn 



= 5 ^'0 „ + 


3 3 ’’'-’’0 >'' 2 (v'-vo) 


And for O, i'„ = 3-3i4 x lo''"’ and v'=4-o3b x lo’ so that we j*ct, from 

e<|U (h), 


7 = 077 y . 

'0 
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ON THE INTENSITY OF IONIZATION IN THE 
EARTH’S ATMOSPHERE * 

By a. C. BANERJl 

AND 

P. L. BHATNAGAR 

(Allahabad University.) 

{Received for piihlicafiotu Ociobert igsS.) 

ABSTRACT. Chapman has calculated the rate of ioti -production and absorption of radiation 
in the earth’s atmosphere assuming that isothermal condition prevails throughout the atmos- 
phere and that the temperature is constant throughout. In spite of the fad that ionised layers 
are formed at a height 300 kins, and above, he has totally neglected the variation of gravity 
even at such heights It is known that up t(j jj kins, above the sea-le\el the atmosphere is in 
adiabatic state Tl has been found by recent observers (hat between ^o kins and Oo kins, 
above sea-lcwel there is a positive temperature gradient and betw een 60 kins, mid 8.3 kins, 
there is a marked decrease of teuiperatun^. between 82 kms. and 300 kms. above sea-level 
temperature increases more or less linearly with height. 

In the present paper the atmosphere has been divided into three regions, i'/-., 

1 From 8.2 kms. to 3(jo kins, above sea-levcl in which the temperature is taken to increase 
linearly with the height and the variation of gravity has been taken account of 

3 l^Vom II kms, to N2 kms. above sea-level in wdiicli, in spite of the abnormalities of tem- 
perature between kms. the temperature has been assumed to be cHinstant and equal to 
its mean value 260” absolute in older to avoid complications in mathematical analvsis 
3. .'\diabatic. region from sea-levcl to 11 kms. above sea-level. 

I'or each rif the regions the formula for the intensity icmizatioii has been toimd. 

I. Chapman ’ has calculated the rate of ion production and absorption of 
radiation in the earth’s atmosphere. He has assumed that the isothermal 
condition prevails throughout the atmosphere and he has taken the value 
of density at the height z above the sca-lcvel to be 

r = l>o Hxp(-j^-) 

where {>„ is the density at the sea-level and H is the height of the homogeneous 
atmosphere. He has not taken account of variation of gravity, although obser- 
vations show that v\'e get ionised layers even at the heights ot 300 kms. and 
above, and we cannot totally neglect the elTecl of variation at these heights. 

* Coniinuuicateil by the Indian Physical Society, 
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It has been observed ^ that up to a height of ii kins, above sea-level the atmos- 
phere is in adiabatic state- The existence of an isothermal layer ^ above the 
adiabatic region up to a height of 40 kins, above sea level has been amply 
confirmed by observation. The temperature in this isothermal layer is 
found to be about 220*" absolute. Between 40 kins, and 60 kins, there is a 
positive temperature gradient ^ upwards and at about 60 kms. temperature 
exceeds 400 "" absolute. Inndemann and Dobson have suggested that this high 
temperature is due to the absorption of solar radiation by ozone in the earth's 
atmosphere. Whipple also has found that the abnormal propagation of sound 
to great distances required a rising of temperature between 40 kms. and 60 kms. 
levels. Between 60 and 82 kms- there is a marked decrease of temperature, 
and at 82 kms. the temperature is as low as 160” absolute. Humphreys has 
suggested that the noctilucciit night clouds found to occur at 82 kms- were due 
to ice crystals formed at the low temperature of 160" absolute. Evidence of 
ionised strata has been obtained by Watson Watt ^ and others at the heights of 
S' 5, 9*3, 10*0 and to’ 75 kms. above sea -level. 

It is believed that the temperature increases more or less linearly with 
the height between the levels 82 and 300 kms. The temperature at the height 
82 kms. is about 160 abs and at the height 300 kms. it is about 1,200'^ absolute. 
Cabannes has found abundant evidence of the presence of molecular nitrogen, 
molecular oxygen and water vapour at heights between 200 and 300^ kms. 
According to ]\lartin and Pulley ^ ^ the mean molecular mass of atmosphere 
between 100 and 300 kms. is very nearly that of molecular nitrogen. 

For the purpose of calculating the ion-production we shall divide the earth s 
atmosphere into three regions, vir:,, I, II and 111 . 

Region T extends from level 82 to the level 300 kms. ^^'e shall take 
account of variation of gravity and tlie temperature at a height i^^h) above 
sea-level is taken to be 


T= iz-a) , 

(h-a) 


where T/^ is the temi)erature at the height h which is 82 kms. T/^, as we have 
mentioned above, is about 160'' absolute, and at a height 300 kms. above the 
sea-level, temperature is about 1,200° abs. We find *a' to be about 480 kms. 
If P is the pres.sure, p the density and T absolute temperature at a height z 
we have 

P^KTp 

where K = , 

P 

and R = universal gas constant (8-26 x 10'^ in c. g. s. units), 

/x = mean molecular weight (not greater than 30) in terms of 
weight of hydrogen atom, 
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Region IT extends from level i r ktns. We have assumed the temperature 
to be constant throughout the region and taken the mean value to be 260“ absolute. 
Abnormalities in the upper part of this region could not be treated separately 
as these will complicate the mathematical analysis to a great extent. We have 
also taken account of the variation of gravity in this region. 

We have the relation p — 

R T 

where Ki=KT= and T = 260'' absolute and /x is not greater than 30 

as before. 

Region III extends from sea-level to ii kins. al)ove the seadcvel. We 
have assumed that this region is in adiabatic condition. 

In addition to the relation /)=»KpT, where as before Tv = ^^ , we have also 

the relation > where y is the ratio of the two specific heats. 


2. RRGION I 

(Kilometre 82 to kilometre 300.) 
W e ha ve p — KpT 


and 


T = T„ , wheic h = S2 kins. 

(h-a) 


Taking variation of gravity into account, wc have 


dp=- 


gr“P 


where r is the lueau radius of the earth and g is the mean acceleration due to 
gravity at the sea-level. 


From the above relations we get 

g r^ _i 

A (z-a) [r + zY^ 

\= . Integrating 

It - a 



(z-a) 
we get 


/) = const. 


(^ + 1)" 
(2 + a)“^’ 


Fxp 



where 
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2 

where a == . and • Evaluating the constant of integration 

A(r + a)-^ A(r+a) 

and taking Pn to be the density at the height h above the sea-level, we get 


P==Ph 


z — a 




n 




— Ph 



H + 


Z-h 
r 'H h 


r (/r+r)(?+r) 


(i) 


ICxpanding the last two terms and neglecting the terms containing the powers 




of — higher than tlie second and the terms comparatively smaller than viz.i 


z^h 

^3 ' '6 


zP 

and — -■ , we get 
r 


where 

and 

Taking 


We find 


m ) 

r 2r^ J 


A = fi + - - (a 4- 2 ft) 

r 

13= (a + /?)2-(a + 2^). 

7 = 6368 X cms. 

j^=9Si cms./vSec^ 

/x = 3o (taking the maximum value) 

rr — S 26x10^ .. 

is, c. g. s. units 

30 

T/, = j6o° abs. 

^ = 82 X 10® cms. 
a — X 10'' cms. 

A = 1*296 X 10- cins./sec'^ 

^ ” 7*456 (numerical factor) 
7*513 (numerical factor) 

A = i4'67g7 (numerical factor) 

B = 201*418 ^lumerical factor) 

- — 2305 X 10 7 ^ units 


(2) 


B 

2r 


2“— '2483 X 10“"^^ c. g. s. units. 
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We write Exp jj 

and F,U)= 1+ ^-(z-h) + ? (z^h)^. 

r 2r-* 

We obtain the results given below. 


ere 


39i 


/in cnis. 

1 k(/). 


1 

error. 

82 X TO-'^ 

1 1 

1 

1 

f>% 

1 DU X 1 < I:"* 

1 I '040 

T 0.123 

1 

^■^2 % 

I 50 X luf' 

i-i68 

1 168 

' 

0% 

2 CK) X luS 

' 1*306 

t‘3o66 

i 

+•076% 

350 X 10® 

i 1-461 

! 

I '457 

1 

-•27 % 

300 X lO^ 

1 r 63 ,i 

1*6204 


-•71 % 


The above table shows that up to the level 300 kins. F(c) does not differ 
from F] (2) by any appreciable amount and the approximation is quite valid. We 
can therefore write 


P-Ph 


h^a 
— a 


ia + I I 


I + ^{z-h) + ~\(z-h)^ 




■Pu (h-a) 


a + I I B 


where 


(z^a) 
h a 


a—T H- 


c 

r[z — a ) ' 




D 


iz-a) "• + ^! 


C-A-B -- =13-6047 (numerical factor) 

r 


(3) 


and 


— '9246 (numerical factor). 

T 2 T" 


Consider a beam of monochromatic ionising solar radiation of unit cross 
section and intensity Sz exterior to the earth’s atmosphere, passing through the 
layer between 2 and z — dz above the point of observation P and at an inclination 
X to the vertical. As usual, assuming that the absorption is proportional to the 
intensity S at that height and to tlie mass of tlie air traversed, the change of 
intensity dS after crossing a layer of thickness dz will be given by 


dS=NS sec Xf*hOi-a) 


a+lj _B ^ C 

(2r“(2-a)'*"^^ r(2-a)“ 


D 


a+l 


(z-a) 


\dz, ... (4) 
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where x is also tlie zenith distance of the sun at P assuming- it to be on the noon 
meridian and N is the coefficient of absorption. On intergrating we gel, 


S=EExp|'- 


N/> 7 , sec x(h-a) 


a + I 


B 


2rHa-3) (._a),a-2 






, ••• (s) 


r(a-l) + i a 

where E is a constant. 

When z=l, S = Sj where / gives the limit of the effective atmosphere , 
we have 


E=S 7 Exp 
C 


Np/, sec x(/r-fl) 




B 


l2rHa-2) (/-a) "-8 


I __ 4 ,d_ I 


r(a-l) a (l-aV 


... (6) 


provided F(3) does not materially differ from Fj (z) when s=/. 

If the number of the ions produced by absorption of unit (luantity of the 

JO 

radiation be Q, the rate of production of ions per c.c. will be Q Cos x — which 

dz 

will be denoted by I{x, z). Hence 
Kx. ::) = QNE 


\z-aj , 


1 + — (z - hj + (z - [ X 


Exp 


-Nph sec X Oi-a) 


a+ I ) B 


l2r^{a-2) („-a)V-2 


D 1 


r(a-i) a(2-a)“jj’ 

by (a), ( 3 ). and (4). 

If Kxt h) is the value of I(x, z) when z = h, we have 


Kx. ^) = I(X. />) 1^--; 

+ Np7, sec X 


h — a ^1 z + r 


J \li H- r 

Bf/i-fl)-' 
*(a-2) 


X lixp 


,fi 

\ + r z + r 


21 


r(a-l) a j \z- a j 
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r(a-i) a 


by writing F(s) for F i (3) in the right hand expression. 


Wc may pul 


C(3-a)^ 

'r{a-l) "a { ’ 

) J 

t T T- j-M — a)“ C(/i-a)^ , D(/j-a) ) 

where J = Exp + Np„ sec x \ + - - “T T 

r4-» 2r^((ji“-'2) r{o-'~i) a \ 


= Exp[7.(4i6 + NiOA secy {4'625 x 10^}], if /i = 82kms. and n = 48kms. 
From {5) and (6) we also get, if Sr and S< are values of S when 3= It and 


s„=s, 1.;.„ N,.»c , 1'^.?)! 

l\l-a / \2r"*(«--2) r(a — i) a 


■ C(/ t-fl) ^ , Df/t -a) V 


>r-(a — 2 ) i(a— ij 


= S( Kxp r~Np/, sec X {4-625 X 10'’ }J. where /i = 82 kms- and 

500 kins. ... (8) 


R R O I O N II 


(Kilometre 11 to Kilometre 82- 


If the variation of gravity be neglected the formula of Chapman for the 
intensity of ionization will hold good for this region. In the following treatment 
we have taken into consideration the variation of gravity also. With the same 
notation as in the tiealment of region I wc have 

where (o.j is the density at the height d where the isothermal region begins. 
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Here 


Ki =KT= 

where R = universal gas coustaiil (8*26 x lo*^) 

/>t = mean molecular weight (iiiaxiimnii value 30 for the neutral molecules 
of oxygen oud nitrogen). 

T = iiiean absolute temperature in the region (260° abs.) 

Now =872*6 approximately (numerical factor). 

The highCvSt value of c in this region is 82 x 10^ cms and d is ii x lo''" cms. 

/.V 

Neglecting ( ^ 1 smaller quantities we get 


p-p,i Exp 




■ Exj) 


K 1 r 




j , 1 h-d)l 


... (10) 


where 


Eet 


and 


£L 

Ki ■ 


‘T* 


|W = |l+<.| |nxp|-a, 


z in cms. | 

1 

*1 (ri. 

1 ^ [y). 

: error. 

11 X 70 ^» 

r 

I 

, 0% 

20 X i()f) 

'291^ 

. 

2g,^2 

■(n% 

50 X iof» 

•oo.sf),s 


•98% 

82 X 7(/» 

■0000*0/16 

’ 0 (X) 02 o 8 j 

r(>8% 


The above table shows that up to 82 kilometres does not differ from 

^^(2) by any appreciable amount and the approximation may be regarded as 
sufficiently valid, 
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If we would have taken gravity to be constant, instead of (g) we would get 
the equation 




where 'l>a(2) = Kxp 


— " (z— d) 


= Exp - 0 |i 5 _ 
r 


d) 


Hence we find that at 82 kms. <^2(2) differs from 4>(2:) by 16% and at 50 knis. 
the difference is over 5%- Hence it is necessary to lake account of variation of 
gravity. 

As before, 


dS = NSprf sec x| I + a 1 I Exp'l - o ^ ~ | dz 


(ii) 


and S=F Exp 


-rNpd sec X 




Exp{-a, 


where F is a constant. 

When 2=d, S=Srf, we get 


(12) 


F=S,/ Exp 


rNp’/ see x j 


( ' 1 


-{a, +2 + 


(13) 


Now 


Kx. s)=Q t^os x' 


dS 

dz 


= FNQp„ I I+a, 


lixp 


_„/^Z:d)__jN_p.SeCX Li + 2 + 2a, 
r ^1* I r 


(z-d) 

•— n « ■ ■ ■ 


Exp| -aj 
by (ii) and (12). 

If I(x, d) is the value of I(x, 2) when z=d, we have 

I(x,2) = I(x, d)|i + ai ^iLl| X 

JUp\ j.x 


2 
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Exp|-ai (A-d) L sec_x ) 


= I(X, d) Exp tt, 


4- r, — ^ a j + 2 + 2^1 ’ 

( r 

S L. ) + se c X 

!+r d + r j ttj® 


aj + 2 4" 2ai 


rNprf sec x 


oil 4 - 24 - 2 <Aj*' 4 -aj® 




Exp -a, 


(z-d) 


Ey wiiting ^(2) for ^1(2). We may put 

KX. ^)=Ji KX. d)x 


^ ajj rN/>,/ sec X i . . z , a (z^ — d^) \ 

Exp ■— -L ^ -j' a^ + 2 + 2a, +a,^ - ’ > 

z + r •ij-' I r i"' \ 


Exp( -ai 


••■ (14) 


where 


T — 1- . 'rNp^f sec X \ , . d \ 

J,=Exp - +- 2 >1 +3 + 2a, - V 

d + r ^ r \ 

“Exp [ — 87i'2 + Np,j sec x {7 34 ^ i ° if d=ii kms. 


If Sci and S/, are the values of S when z = d and z = h, we have frpin (i< 
and (13), 

' c. o T' '■Npd sec X ) . . < 2 (h^~d'^) i^ 

vSrf=SAExp >1 +2-r2ft, +tti^ ^ 2 ' 

“1 ( r '^ ) 


Exp I “tti 


=S/, Exp [-N/Jd sec x(7‘34 lo’’)] 


(h — d) 1_ rN/<d see X 


a 4 " 2 4 " 2 fi 1 


... (15) 


4. R K G I O N 1 1 1 

(Adiabatic region : sea-level to ii kms.) 

As maxinnim height is only ii kms., we shall take gravity to be constant 
throughout this region. Here we have 

, ’ . p^KpT and P=^K2f>^ , 

where 7 is the I'atio of the two specific heats. Now if Tq, pq and pQ are the 
absolute temperature, density and pressure at the sea-level we have 

^ =:i- — , where g rf( = Ti kms*) 

' \PoJ To ypo r 
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and 


y Po y H ’ 


where II is the hei^^ht of the homogeneous atmosphere. 

If H = 8 4 kms. and 7=1 '4, then = 216*6 (numerical factor) 
we have 


Now 


dS 


P = Poj I -“2 

= NS/Jo sec x|t-«2 ^ \y~'^ dz 

I " ) 


{16) 


and S=G Ivxp 

where C. is a constant. 


_ rN/>n sec x (•y~i) 
>“2 




We gel 


S = S,/ Itxp 


Now 


'Np(i sec X (y- 

7 “ 2 

dS 




... (17) 


I(x. ^)= Q cos X^ =SrfQNpol 1-^2 y 


hNp 


?Np„ se c xfy - 1) j 

yan } 


I U, 


^ V-i-i 


1 — 


.-d 

IJ 


If I(x, he the value of I(x, w at 0 = 0, we have 


KX, ^)==I(X, I "‘"2 -7 ^ 


Exp 


sec 


1 


\ 


I 



(18) 


5. It may by observed here that 8d has been found in term of S;, and 
vSa has been found in terms of S/ . If f gives the limit of the effective atmosphere, 
Si has the same value as Sco in Chapman's paper. ’ ‘ 
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and 


We have also 


Pd 




II kms, and v=i'4 


P„=Pd Exp 




, by (i6) and (9) 


= 2 ’o 8 i X iQ-'Vrf, if fe=82 kms. 

= 6’45 X io~®po> where Po is the density at the sea-level. i 

From (15) and (8) we get 

Srf =Sa Exp [ -Np,< sec x (7‘34 ^ lo'"')] 

= Si Exp [-Nsec x{ 4’625X 10V/. + 7‘34XioV.-!}]' 


Our thanks are due to Prof, S. K. Mitra for his suggestions. 
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THE SPECTRUM OF ARGON IV 

By a. BALANKESWARA RAO, 

Kotcherlakota Narasingarao Research Fellow, 

Andhra University, Waltair. 

lUcccivod for pnhUcatioUj Novcvtbc) 

ABSTRACT. The spectrum ttf arjifoii has becrj investignicrl iiiulcr several experimental 
coiiditi( us in the near ultra-violet and visible regions. An cxaniijiation of the data obtained 
enabled the extension of the analysis of the speetnini of the trebly ionised atom of argon into 
the visible and the near ullra-vitdet regions. A dozen tcrnis have been newly discr>vered in the 
present investigation involving the classification of about 30 lim s 

T N T R O D U C T 0 R Y 

of the several spectra of argon, the analyses of A I’ A II^ and A 111 
were investigated by various workers — Meissner, Compton, Boyce, Dc Bruin and 
others. But, of the spoctruiii of trebly ioni.sed argon, A IV, only a partial analy- 
sis was done by Boyce, his investigation being confined to the very extreme 
ultra-violet vacuum grating region. With a view to further extending the analysis 
into the near ultra-violet and the visible regions, investigations on the spectrum of 
argon gas were undertaken from A 2000 to A 6000 under various experimental 
conditions and these enabled the detection of the prominent terms due to the #, 
4(i configuration. 

I' \ r I? K I M I-: N T A I, 

The discharge tuI)C employed for this work was just similar to that used with 
krypton,^ The same general experimental arrangement and procedure were 
adopted with argon, an argon reservoir being substituted in place of that contain- 
ing krypton. A diagram of the discharge tube, tlie drying system of calcium 
chloride and potassium hydroxitlc towers, the vacuum pump, and the gas reservoir 
with its attachment is represented in figure T. The gas was excited by passing a 
condensed discharge through the tube, between aluminium electrodes with the 
help of a transformer capable of giving 30,000 volts in the secondary. A small 
inductance was used in series with the secondary circuit to suppress the lines due 
to the residual air. Photographs of the spectrum under different stages of excita- 
tion were obtained by taking recourse to the usual methods of alteiitig 
capacity, the length of the series gap and the pressure of thegas inside the tube. 
A Fuess glass siiectiograph and a Hilger large Litrow type of quartz .spectro 
graph were employed to obtain the spectrograms. 
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FiGUKi!: I 

P R E D I C T E 1 ) 'i' K R INI S 


The characteristic terms of the spectrxini of A IV predicted theoretically in 
accordance with the theory of Huiul and Hciseaiberg arc ])resented in Table I. 

Out of these the fundamental 4s ^s'^P-^p^P multiplcts ^ and 

some doublet lenijs due to the 4 ^>, configurations were identified already l>y the 
previous workers. In the present work some of the prominent terms due to the 
4p, 4d configurations have been detected. 

Taule I 

Piedictcd Terms in jlrj^on IT 
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ANALYSIS 

A careful examination of the plates taken under dilTerent excitations made it 
possible to ascribe about a hundred lines as belonging’ to the trebly ionised atom 
of argon and of these, about 30 lines have entered into the extension of the 
jnultiplet scheme of argon suggested in this work. Many of the lines ai e rather 
broad and broader than those due to krypton under similar experimental condi- 
tions. This might probably be due to the smaller atomic weight of argon. The 
difficulty of measurement of the argon lines was therefore larger and the accuracy 
somewhat less than that obtained with krypton lines. 

The working out of the analysis of A IV was comparatively easier than that 
of Kr IV as the differences involved are smaller and as the structure and the 
main intervals are known from the work of de Bruin and Boyce- A search was 
made for the pairs having the wave-number differences 268.6 and 1 1 1 .y cm.“ * 
corresponding’ respectively to (^/)j — selec- 

tions of the proper pairs from these was made by trying to extend the scheme 
with each of tlicse pairs. Starting then with some of the cross differences, new 
levels could be detected. Thus a new level scheme was set up and shown in 
Tabic IJ which includes also the combinations identified by Boyce, 

About a dozen levels have been thus newly identified and these are expected 
to be due chiefly to the mJ configuration. They are designated arbitrarily by 
the symbols a, b, c, etc., as it is practically impossible to make a more definite 
assignmchl or even to distinguish between the quartet and doublet terms. The 
proijer value of even the inner quantum number of these levels cannot be defined 
unambignously. The values suggested in certain cases are to _be regarded as 
tentative. But it is believed that the levels themselves are all real, table III 
shows the list of lines newly classified in the spectrum of argon IV. 


Tahi.e III 


Ncivly classified Jnics in /itgon IV 


A (Snt.l. j 

p (vac.V 

593 Sv)i( 2 » 

i6S3<')’l) 

58-17-03(5) 

17098-0 

5830-0415) 

171*17-9 

5739 ' 88 ' 4 ) 

17^17-2 

4<jJ2-5o(i) 

20310-3 

4894-53(5) 

20425.3 


3 


1 Classification I 

1 1 

p (vSut. 1. 

- k 



3713-11)16) 

4 - 3 

369 ^- 74 ( 1 ) 

i 

34-^-1-'13(5) 

1 -3 

3393-35(j) 


3391-86(81 


p (vnc.). 

j Classification. 

26653-5 

4p*V^ - c 

20923-3 

4/'<D^j -e 

2707-5 


291937 

-d 

29461 -0 


29 - 1 73-9 

AP^^I -b 
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Tabi.e in (contd.) 
Newly classified lines in Argon IV 



i'(vac.). 

ClaSvMfiration 

V'Sut ). 

i^(vac.). 

Cla^isification. 

487178(2) 

20520-8 


3324-78(6) 

3o<.>68'6 


4808-66(2) 

20790-0 

4 /.<D,^-i 

3 >S 7 f^>( 3 - 

36660-6 

A-b 

4697-87(3) 

21280-5 

4P*D^ -h 

3125-98(2) 

31980-7 

4/.45^j-b 

4690-9(2) 

21311-Q 


3065*11(1) 

32615-8 

AP*D^ -c 

4630-36(1) 

21548-7 

AP^I\^~h 

3 ‘> 3 '-J 75 a' 

32887-0 

AP^t,^^-c 

4417-30(2) 

22631-9 

Apip j-g 

2085-04(1) 

33490-6 

AP^l\^-d 

4364-80(^1 

22904*1 1 

-e 

-’rf> 5 ’ 3 f)' 4 ) 

35 ^^ 9 t ‘'9 

AP*I\^~.^ 

42-"9'St(8) 

=3636' 1 

4/-4/)j -f 

a.S 34 i'a» 

30 - 149’6 

A-4S*/>^^ 

4182-97(6) 

238^^9-7 

41 )^ 1 ^ -f 

^467 -3 3' 

405x7-6 

A -4s2/\j 

4089-04(3) 

244 8-7 

4 /-^;’j -h 

2331 -SU) 

42507-6 

-a 

" 

3908-43(2) 

^ 557 ^\S 

4 /> 27 )„ph 

23 ') 5 ' 4 < 5 ' 

42623*6 

4/>V«^4-n 

3858-46(6) 

25go(rS 

AP'l’.,^~li 




3800*42(5) 

26305*6 




# 

3777 * 52^1 

26464-9 

i AP*I\^-l 


j 



Term Values 

The term values are dclenniiicd through the idciititied lines on the basis of 
the term scheme set up by Boyce in adopting i\sPi equal to zero. Table IV shous 

completely all the values of the energy states so far known. 


Table IV 

Term Values in A IV 


Term. 

Term Vxiluc. 

' 

Term. 

Term Value 




By 


A 

By 

4 /><r)j^ 

285960*2 


A 

291423-5 



268-6 





286228'8 





IJ 


522-9 


246616 



2867517 

a 


804-1 

259765 


287555-8 

b 





c 

253344 



spectrum of Argon IV 405 

Tablk IV (contd.) 


Term Values in A IV 


Term, 

Term Value. 


Term. 

Term Value. 


p 



A 

’h 

289125-9 

111*9 

d 

; 256767 


289237-8 






S0'O 

e 

259306 


38983.47 . 


f 

1 

1 262327 


2937.187 


g 

i =63327 




li 

' 26467S 


290256-5 

1411*2 

i 

! 2.65440 


291667-7 


j 

1 

268813 


295^7^-5 

1313 

k 

269127 


295805-8 





299663-2 





304074*3 

3 -\S ‘6 



=^•■31 

304379-9 




4 S ^ P ^ 

250219 

687 



"Vi 

25oc)(i6 

l(’i 96 




251972 

I 



"’xi 

256093-3 

i^ 55’6 



“'■xj 

257348-8 





2186171 -4 

! 2tl 


1 


268 151-4 





In conclusion the author w ishes to express his grateful thanks to Dr. K. R. 
Rao for his guidance and to Dr. S. G. Krishnauiurty for hcli)ful suggestions. 
He is indebted to the Andhra University for the award of a fellowship which ha.s 
enabled him to carry out the above work. 

R R R E R K N C R S 

1 Meissner ; ZeUs. f. Physik, 39 , 173 (1936) ) «>W -. «39 bQiU. 

J de Bruin. Zeits. }. Pliysik 61 , J07 (1930)- 

3 de Bruin, T. 1 ., P'oe. . 1 ml. .latd.. 36 , 724 (i 933 ) ; Boyce J. C.. Kcv., 48,396 (igs.s)- 
* Ibid. 
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ON THE EXCITATION OF CHLADNl FIGURES 

By L. SIBAIYA. M.Sc., F.A.Sc. 

From the Department of Physics, Central College. Bangalore. 

{Received foi l^iiblicalion, Novcmhei 9 , 


Plate XI 

'I'he Cliladui figures on plates of various shapes which are centrally fixed 
arc usually obtained by si )r inkling sand or lycopodium powder on the plates 
and exciting them by bowing. Various patterns are produced by changing the 
bowing point and the nodal point. ( Oscillatory cii'cuits whose frequencies could 
be continuously varied have also been employed by Colwell’ for exciting the 
jdates. This method, thougli satisfactory, is rather claboiate for demonstration 
pm poses. A simjtle mode of exciting the plate at any given point not nece.ssaiily 
on the periphery is as follows : .A brass rod is clamped finuly at its mid-point 
and placed vertically with one of its sharji ends resting lightly on the plate at the 
gi\eu point. The rod is as usual stroked with a resinned flanucl cloth and is 
excited to vibrate longitudinally. It is found that the plate is excited and the 
note is one of the free frequencies of the [dale corresponding to the point of 
excitation and is not that of the bar. This would .show that the periodicity of 
the friction at stroking is gwerned by the plate and tlie rod serves mainly as a 
vehicle of energy, actually being in forced oscillation. I'he excitation is easier, 
if by loading the rod or adjusting its length, its free frequency is brought near 
that sought to be excited in the plate. 'Hie plate is thus easily excited to yield 
its various vibration patterns strongly and consistently. Tinsel powder is found 
most suitable for photographing the patterns. Figure 1 gives one of the many 
vibration patterns obtained by using a square plate ceutndly fixed ; figure 2 gives 
the four concentric nodal circles (w'ith the finer particles lying at the antinodal 
arcs) in the circular plate centrally clamped. Because of the large amount of 
energy that could be Iransniitted from the rod to any vibrating system, it has 
been found possible to study the vibration patterns of the sound-board (belly) of 
a vhia. This musical instrument (Fig. 3) peculiar to India and according to Fox 
Strangways (Fucyclop. Britt. iFh Fdn., Vol. tj, p. 241) consists of “three drone 
strings and four fretted strings on the finger board, plucked like, and with the 
tone of guitar." Figure 3, where the end of the bar is resting on the bridge. 
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gives the simplest mode of vibration wherein the ciiciuriference of the wooden 
belly forms a nodal curve. Figure gives one of the many complex inodes of 
vibration of the sound-board of the vhia. The experimental arrangement is 
shown in figure 4. 

Ill this connection I wish to record a type of musical drone used by certain 
beggars in South India. A suitable metal plate of bronze resembling a dinner 
plate is slightly waxed near the centre on the outside and a reed is held in contact 
with the plate on the wax which prevents the reed from slipping. The performer 
after properly sujiporting the plate on the lap strokes the reed with both hands 
and produces a rich drone. Here, as in the experiment above, the reed is but a 
vehicle of energy and is itself more often in forced oscillation. The periodicity 
of friction at the stroking is governed by the free frequency of the 
plate. 

I thank Professor A. Veiikat Rao Telang for his helpful sugge'^tions during 
the progress of the work. 


R li V P R K N C K 


^ Colwell, Phil, , 12,3:20 (3031) ; 15 , 317 (3933). 
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ON THE INTERCHANGE OF ELECTRICITY BETWEEN 
SOLIDS, LIQUIDS AND GASES IN MECHANICAL 

ACTIONS * 

By S. K BANERJl. D.Sc„ F.N.I. 

{Kt'i'dvrd for piibjiratioti, Nov, jg, jg3S.) 

ABSTRACT. When liquids or .solid particles arc sulqected to vaiions nicrliauical pioi csscs, 
sncli as friclioiud force, spra3’ing, splashing, raining or blowing, striking against eat h (Tlur, 
etc , electric charges are developed in tl)C substance, in tlie apparatus used in the mechanical 
process in and the .surrounding mcrlinm. Similarly, some gas jets produce positive charge and 
others lugntive charge on the no?/le or on the plate on which they impinge We have no 
('omplete pieture for any oih' ca.se to show how the interchange of ele( iricily takes p 1 ac( 
hetweeii Hie apparatus, substance and the medium ; consequently, experiments were undv.Tlaken 
\\h\\ a mimhir of substances, initially uncharged and iniliallv churged, to supplement the 
observations made b\ picwious workers, 'riicse show , as one should expect, that- 

H) 'I'he total (ditirgc in the substance, in tlie apparatus (or escaping into earth through 
the appaialus) and the mediinn in any mechanic'al process is zero. WhiK the total remains 
reru, tlic' distribution between the a})paratus, substanet* and the me dium (positive and negative 
itmsl shows wide variations aevording to tin. process emplcyved and the substanee used. If 
the operation produces in any case equal miml)er positive and negati>e ions in the mediinn, 
the snbstaiu'e and the ap])aratus either collcctivelv nr separately remain uncharged. 

(21 'J'he c'harge developed depends on the violence of the mechanical action. Only a part 
of the work doiu' in sucli ])rocesses is converted into electricity. 

If 11 k‘ existence of an electrical doiihlc-layer between tlie substance and the medium is 
assumed, the ions in the iiiedium c'ome from liolh layers of tlic douhledaytr, but generallv 
more from the la>i r situated on the molecules of the medium. The more violent is the 
process the greater is the number of ions dislodged from tlie layir situated on the iiinlecules 
of tlic substance. 

If a substanc e has an initial charge, this charge docs not play any ])nrt in the interchange 
of electricity between it and the medium. The initial charge adheres to the siihslancT during 
the prcH^ess of disruption. 

The exchaiij^e of eleetricily bcTwceii subslanc’c and mc^liiim in all mec hanical actions c'an 
lie explained on the a.ssumption c'f an cleclrieal clouble-Iaver. 

When increasing quantities of NaCl or IICl are dissolved in distilled water, the eliarge 
in the substance tdianges very sharply from pnsitive to negative at a veuy low eoncTiitration 
The distribution in such ea.sc s of eliarge in lhi‘ substance, in the apparatus, and in the air in 
the shape of positive and negative ions i.s discussed piirtieularl\ at the stage whem the 
transition from positive to negative takes place. When the substaiic^e passes througli the 
t»*ansition point, a reversal of the double-layer takes place 

^ Comnuinieated by the Indian Physical Society. 
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The iiiterchange of cluc tricMty brought into play in some of the mechanical actions in the 
atnosphere is bricdy considered aiul it is inclicatcil that some of the earlier calculations need 
rcxdsion. 

The variems factors which contribute to the generation of charge in such processes and 
the possible genesis of tlie clecLricnl double-layer on the elcctrfuiic theory of matter are briefly 
discussed, 


PART X P E R I M E iSr T A L DATA 
I. introduction 

A number of w'orkers have carried out experiments on the electric charge 
developed when liquid drops (organic or inorganic) and solid particles are 
subjected to mechanical processes of various types. These involved spraying or 
splashing of liquids and raining or blowing of dust particles and in most eases 
attempt was made to explain the observed results on the assumption of an 
electrical double-layer. Unfortunately, we have no complete information for any 
case ; those who have meastired the charge on the substances have in most 
cases not recorded the charge in the medium or in the inslrumciits employed and 
those who have recorded llic charge in the medinm have not noted the charge 
in the substances. Consequently, the i>rccise role of the double-layer in the 
interchange of electric charge between the substance and niedium whcji tlie 
former is vSubjecled to breaking or friction has received no satisfactory 
elucidation. 

The colloidal chemists assume electric charge to be a fundamental propeity 
of the colloidal particles. The existence of an electrical double-layer is assumed 
and the charge is supposed to have arisen as a result of ' slii)ping ' of tliis double- 
layer. According to Mukherjee, * the inner layer forms a firmly adliering chaise, 

A simple exiicriniciit shows that aerosols have not necessarily a charge ini- 
tially. If a jet of condensed steam is allowed to escape between two metal plates, 
placed 20 cm. apart, and charged to a potential difference of 50,000 volts, the 
steam is found to remain unaffected. If, on the other hand, the jet is subjected to 
a beam of X-rays, before it e.scai)es between the tv^'o plates, the condensed steam 
is found to be highly charged and is attracted to one or tlic other of the plates 
according to its polarity. If the vapour particles in the jet be regarded as aerosols, 
then clearly the experiment shows that initially they are not charged. In other 
words, no slipi>ing of the double-layer has occurred, and eacli ixirticle is, therefore, 
uncharged. 

Two fundamental questions arLsc — 

[a) Is the assumption of the existence of a double-layer essential for the 
explanation of the development of electric charge in all mechanical processes ? 

ib) What is the precise role of the double-layer in the development of such 
charges ? 
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We propose to examine both these questions witli the aid of data obtained by 
previous workers on tlie subject and those obtained by the author with the assis- 
tance of a co-worker, Mr. R. D. Oodbole, in order to supi)ly the missing link. 


2. AVAILABLE L A T A 

In 1892 Ivcnard- showed that water jets or drops striking against an obstacle 
arc charged positively, while the surrounding air becomes negatively charged ; 
the effect being reduced considerably by the presence of even slight impurities in 
the liquid used. A very important contribution was made by J. J. Thomsoir' in 
i8q 4 when he brought to notice that the electrification of drops of distilled water 
striking against a metal sux'face suffers a reversal when hydrogen is substituted 
for air. In the literature of colloidal particles we find that substances of higher 
dielectric constant with respect to the medium get positively charged. This is 
clearly not true for breaking water drops, for, water has a higher dielectric cons- 
tant both with respect to air and hydrogen, and yet in air the drops gel positive- 
ly charged and in hydiogen negatively charged. 

Tlionison showed that solutions such as phenol, pyrogallic acid, fluorescene, 
whose drops are electrified in the same way as those of water are affected by 
hydrogen in the same way as drops of water are affected, ?.t\, drops which would 
be positively charged in air would become negatively chargetl in hydrogen. On 
the other hand, the effect of substituting hydrogen for air in the case of substan- 
ces like methyl violet, rOvSanilinc, potassium permanganate, whose drops show 
negative electrification in air is to increase this negative electrification. If ex- 
periments are made with different gases the magnitude of the charge is found to 
depend largely on the amount of gas absorbed by the drops, by which they are 
surrounded. Thus, water falling through sulphuretted hydrogen gives very 
little charge, while water falling through its own vapour gives no effect. The 
temperature of the substance is also a factor of considerable influence. Thus, 
W'hile water at i5"C, allowed to strike a plate gave a deflection of 230 scale divi- 
sions ill the electrometer, that at 75^^ and produced deflections of 390 and 
420 divisions respectively* 

Evc^ has made available to us a considerable aiiiounl of data in regard to the 
ionisation produced in the air by spraying ' different liquids. Unfortunately, he 
kept no record of the charge in the substance or in the apparatus. Ilis results 
show that generally both i)Ositivc and negative ions are produced by spraying, 
atid that the number of the ions and the ratio of tlic negative to positive ions arc 
characteristic of the substance sprayed. He also found that surface tension and 
the extent to which liquids are volatile do not appear to influence the relative 
ionisabilities of different substances. Busse^ showed that the production of posi- 
tive ions takes place in a greater quantity in the case of spra> ing of water (the 

4 
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ratio of positive ions to negative ions being about 2 : 3) than in the case of strik 
ing and bubbling processes (the ratio in these cases being roughly i : 15). 

Nolan investigated the dcpendance ot the separation of electrical charge on 
the surface produced, by measuring the charge on various sizes of drops produced 
by splashing and spraying water. If the charge developed (Q) be expressed in 
the form Q = cr A, where A is the area of the surface, tlien cr= 2*5 x 10”^ e.s. 
iu/cm.‘-^ 

Rudge ^ showed that when dust particles are blown, the sign of the charge 
depended on tlie nature of the substance, acidic bodies and non* 

metallic elements gave positively charged clouds, while basic bodies and metallic 
elements gave negatively charged clouds. The electrification of dust and air was 
in general, but not in every case, found to be of opposite sign. Deodar’s tCvSts** 
on graded dust of different sizes showed that, other things being equal, the charge 
developed by blowing increased very rajndly as the size decreased. The charge 
also depended on the nature of the substance used. I'or instance, while NaCl 
and KCl were equally efllcacious, NaNO.-, was about .\l times more efficacious 
in producing charge than KNO.-,. 


3. r u u PT p: k n x k r i u k n s 

It will be seen from the above review that although a considerable series of 
experiments have been carried out on the subject, no author has recorded the 
charge in the substance, in the air and in the apparatus used for producing mecha- 
nical action. For instance, when water is sprayed, electric charge is developed in 
the sprayer, in the sprayed water drops, as well as in the surrounding air. Except 
in the case of water, we have no quantitative values of tlie charge in the substance 
and that in the medium in any particular operation. For water drops broken in a 
vertical blast of air, vSimpson '* recorded the charge both in the substance as well 
as in the air. In order to get connected records of the total charge developed in 
such processes, it became necessary to carry out further experiineuts in which 
arrangements were made for recording the charge in the substance, in the air, as 
well as in the apparatus. 

The mechanical processes employed for the development of charge were the 
following : — 

In the case of liquids — * 

[a] Drops broken in a vertical blast of air, 

( b) Drops striking a plate, 

fc) Jet striking a [date, 

(d) Two jets striking against each other in the air, 

(e) Spraying by an atomiser. 
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In the case of solid particles — 

(a) Particles raining through sieve and received on a plate, 

(b) Particles blown in the form of a cloud, 

(r) Particles slipping down two inclined planes and striking against 
each other in the air. 

In the case of gas — 

(a) A gas jet striking a plate, 

(b) Two gas jets striking against each other. 

In most cases the mechanical process was made automatic so that the same effect 
could be repeated as many times as desired. 

The experimental arrangement usually adopted for spraying experiments is 
as shown in iMg, i . For most of the exi)erimeuts the receiver used was made out of 
an aluminium sheet. It was of a rectangular shape (6 in. x 3] in. x 3^ in.) with 
a circular tube of diameter i] in., length 2 in., Hxed in the middle of a vertical 
side It had a top cover which could be removed when necessary. Suitable 
modification is made in the receiver when experiments are made with jets or 
solid particles. 


EBERT APPARATUS 



R. Receiver. 

S,S. Suiphur insufstors ^ ^ 

D, Oi/fe^ cotter'. 0 5 10 t£ ZO Z5 30 


Figure i 

The substance subjected to the mechanical process is received in an insulated 
receiver which is connected to the needle of a Dolezalek electrometer, the quadiants 
being given equal and opposite potentials. The mechanical process occuis in an 
enclosed s^iace, the air being subsequently drawn through an Fbcit s countei, and 
the number of both positive and negative ious counted m two separate 
experiments. 
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When it is desired to measure also the charge on the apparatus, the receiver 
and the electrometer are earthed, the receiver is disconnected and the apparatus is 
joined to the electrometer. 

The o):)servations arc taken in the order as described belo^^ . 

Taking, for instance, the case of water sprayed, the spraying is done 
automatically by a motor blower. The nozzle of the atomizer is surrounded on all 
sides by the receiver, so that all the sprayed particles are collected by the receiver. 

A definite quantity of water, say i c.c., is sprayed every time and tests arc made 
to see that the same effect is reproduced every time. 

(t) Kirst with a given (a) positive and (/>) negative potential being applied 
instantaneously to the central rod of the Kbert's ion-counter, two leakage cm ves 
are drawn, with the fan working in the two cases. 

(2) A definite quantity, say i c.c., of water is sprayed. 

(3) The charge on the water collected in the receiver, as recorded by the 
Dolezalek electrometer is noted. 

(4) The central rod of the ion-counter is given a definite positive potential. 

(5) The air from the receiver is sucked in through the counter, by making 

the fan of the counter work, and a leakage curve is drawn. 

(b) The drop in potential, as given by the two curves (5) and (i), gives, 
with the aid of the usual formula for Ebert’s counter, the number of negative ions 
produced in the air by spraying i c.c. of water. Since both the leakage curves 
are equally affected by the ions normally present in air, these are automatic'ally 
eliminated from the counting. 

(7) With the receiver and the central rod momentarily earthed, 1 c c. of 
water is again .sprayed, and the charge acquired by the receiver, as recorded by 
the electrometer, noted. 

(8) The central rod of the counter is now given a definite negative 
potential. 

(9) The air from the receiver is sucked in and a leakage curve drawn. 

(10) The drop in potential as shown by (g) and (i), gives the number of 
positive ions in the air as a result of Spraying i c.c. of water. 

(ti) The receiver is eartlied and disconnected, the apparatus is joined to 
the electrometer and the charge developed in it is noted. 

For these experiments, both the Dolezalek' electrometer and Ebert s 
ion-counter (with its Woulf\s electrometer) are calibrated, the capacities of both 
and of the accessories being determined by means of a standard condenser. 
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PART II— S II B S T A N C K S 1 N I A L L 
II N C H A R G E P 

4. We have to consider two distinct cases— substances may be initially 
charged or uncharged and it is l)cst to treat them separately. We first take up 
the case of substances which arc initially uncharged. 

When a .substance is subjected to inechaiiical action 3 we find electric charge 
in the apparatus employed to produce mechanical action as well as in the 
substance and the inediiim. h'or instance, water ])assirig through the nozzle of 
the atomizer gives negative charge to the atomizer and itself acquires a positive 
charge. A further development of charge takes ])lace while the jet breaks into 
fine drops and falls into the receiver, owing to the dislodgment of ions which 
escape into the medium. Thus if .r is the charge developed in the apparatus, the 
charge in the substance when it just coir;cs out of the ap])aratus is — .v. If y is 
the resultant charge given to the mediinrj as a result of dislodgment of ions, then 
the charge in the substance due to this ])rocess is —y. We thus have the 
following distribution of charges : 

(i) a; in the api)aratus, in the substance, (3) y in the medium. 



Figure 2 
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If initially the substance as well as the mediuin arc iiiicharKecl, we should 
expect the algebraic sum of the total charge developed in the apparatus, in the 
substance and the medium to be equal to zero in any mechanical process of this 
kind. In any single experiment it is, however, not easy to prove this law 
(paantitatively. For it is an extremely difficult matter to collect all the charges 
developed and measure them accurately. We can illustrate this by reference to 
a simple experiment. If distilled water is sprayed (by a Uc Vilbiss Atomizer 
No 15) the charges in the sprayer and the receiver are found to vary as shown in 
Fig. 2. The charge developed per c.c. of water sprayed is approximately as 
indicated below : 


In the water= + 17 erS.u. 

In the sprayer = —0*5 e.s.u. 

lnair=— T'l e.s.u. 

Within the limit of experimental error, therefore, the total charge is zero. The 
negative charge is slightly less than the positive charge. This may be j^artly due 
to the fact that all the ions arc not caught by the Ebert s apparatus. The actual 
magnitude of the charge also varies widely according to tlic process employed. 
Thus 1 c.c. of water striking a plate gets a charge of 0*234 e.s.u,, while 1 c.c. of 
water broken ill a vertical blast of air gets only 0 023 e.s.u. This dilTerence is 
largely due to the difference in the intensity of mechanical action, and, therefore, 
also to the differences in the amounts of new surface developed in the two 
processes. A jet striking a plate breaks into a large number of small drops, 
while a drop broken in a vertical blast of air is broken into two or three drops 
only, so that in the former case the new surface developed is considerably more 
than that in the latter. P'urtherniore, the surfaces in action when drops strike 
against a metal plate are different from those in action when drops break in the 
air. In the former case besides water and air a metal plate is involved. 


'5. R K I, A 'r T O N S HIP P E T W R K N W () R K D ONE AND C II A R (; J; 

PRODUCED 

The charge in the substance is equal and opposite to the sum total of the 
charges in the apparatus and the medium. 

The whole of the work done in producing mechanical action is not utilised 
in the generation of charge. A part of it is utilised in producing motion and 
mechanical disruption and another part in working against friction, or, in other 
words, in the generation of heat. If the total work done is W, and if that part of 
it which is utilised in producing motion, mechanical cli.sruption, and production 
of heat be Wo» then W'-' Wo is the work done in producing electric charge. If 
Q is the charge developed in the substance, then clearly 
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where A is a constant, which is depentlpnt on the substance .used and the 
mechanical process cniployed. 

While it is comparatively easy to detenniue W, it is not always easy to 
determine Wq. It is not, therefore, always possible to obtain (luaiititativc 
relationships and we have in many cases to remain satisfied with the qualitative 
law, which is well recognised, that the charge in the substance, as well as the 
number of ions of either sign in the medium, which are developed in the 
mechanical i)rocess, depend on the intensity of the mechanical operation. 

How the charge developed in the substance increases with the violence 
of the mechanical action can be illustrated by a simple experiment. If we have 
a single downward jet striking an insulated plate, the work done can be varied 
by altering the head of water in the tube. The results obtained in an ex])erinient 
of this kind are given in table I. The jet w’as produced by a tube having a 
narrow orifice of diameter O’z nun. The pi'cssure head in the tube was varied 
and the orifice was placed at a height of about 8 cm. above the bottom of the 
receiver. 


Table I 

Distilled water (single jet) 


1 

Prcissurc ht^ad i 

Kinttie energy per c.c. 

Charge jier 

jiIaivc the orifu't' ! 

at the instant of break 

I’.c. in 

ill cm. of water 

in e.g s units (approx.). 

0. s, u. 


, 

[ 'lyifse , 

0*12 


'>,3.275 1 


.so 


()«i8 

1 


0-22 

7 .S 

81,425 

o‘.20 


8tj,27t> 

<>■37 

02’5 


0-41 

102 

i,o7,yio 

! 0-59 


The experiment shows rouglily that when the energy at the instant of 
break was doubled, the charge produced increased about four times. The charge 
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produced depends also to a certain extent on the nature of the surface on which 
the jet falls. This will be clear from Fig. 3. * 



0 12 3 4 5 

Qu9nMy((^C) 


Jcl distilled watei falling on clear receiver aiul rm surface covered 
with different substnnccvs 


FiGURli: 3 


Similarly when two jets strike against each other, the chaige produced 
depends not only on the height of the luiuid columns but also on the diameter 
of the jcl. With two jets produced by liquid columns each 70 cm. high, the 
following figures were obtained : 
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Distilled water (two jets striking at angles between 22"* to 25® and placed 


about 8 cm. above receiver) 


Diameter 

Average radius 

Average 

Charge 

Charge pci- 

of jets 

of drops 

volume (c. c.) 

per c. c. 

drop ill 

in mm. 

produced, 

cm. 

of drops 
produced. 

lu e. s. u. 

e. s. u. 

1 

0’2 ^ 





0-2 ) 
f^'33^ 

3’.1 X 10-2 

0*000164 

O' 110 

1*8 X io“5 

0 - 35 ) 

o-.so ^ 

4*5 X io‘ ^ 

o*Goo37tj 

0-073 

2*8 X To"J* 

(V.-jS 5 

1 8*5 X ]o' ^ 

o*(X )2356 

o'o6o 

J'53 X in'B 


With increase in the diameter of the bores the size of drops produced is 
increased and, consequently, there is a decrease in the charge produced. 

Table III gives the charge obtained in the substance as well as in the medium 
when I c.c. of water is subjected to the processes indicated therein. 


Table HI 

Distilled Water 

Charge derived from 1 c.c. of water. 


(I) 

(3) 


^3) 


( 4 ) 

Cs) 


Process. 


Air bubbling 
through water. 
Drops broken 
in a vertical 
blast of air 
(Simpson). 

Two jets of 
water striking 
against each 
other. 

A single jet 
striking a plate. 
Water sprayed. 


Charge in 

1 

Charge in 

air ('ions). 


substance 

1 




e. s u. 

I’ositive 
! e, s. u. 

Negative 
e. s u. 

'J'olal 

1 c. s. u. 

1 

r, POS. 

Ratio 

Neg. 

- - 





4 coin 
(about) 

1 0*0003 

, (about) 

0-0050 

(about) 

-' 0 'oo 47 

(about) 

I :i 5 

+ o'023 

; 0*0046 

0-0138 

— 1V0092 

I -3 

-ho' 140 

1 0'oi'3 

1 

0-06 ^ 

1 

c 

c 

I :i2 

-f 0-234 

1 ; 

1 o'ooS 

0*095 

c 

1 

1 :i2 

4 - 1*70 

i 100 ') 

1 0*84 > o'8g 

j 0*85 ) 

1 

2*00 \ 

1*97 } 

1-69 J 

— 1 ’(XJ 

I :2*r * 


^ This ratio decreases to 1 


i-h, if the rate at which a given quantity of water is sprayed 


is increased. 
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Tabic IV gives a comparison of charge developed inn^ther substances. 

Table IV 


Charge in substance i^er p .c. in c s.u. 


Substance. 

Two jets 
striking. 

Single jet 
striking receiver. 

i 

Spraying. 

i 

Turpentine 

1 

— O'l.'l 


Petrol 

■“0-015 

... 


Kthcr 

+ o ’56 

+ 0-63 

+ T 'fiS 

HCl 

3-65 gm /litre 

— O' 36 

— 0-26 

-o*3T 


The charge developed per c.c. is greater when a substance is sprayed 
than when a jet strikes tlie receiver ; also it is greater when droi)S are broken 
by a jet striking a receiver than by two jets striking against each oilier. 


6. T n K Kb K c 'r R 1 c A b b o u n i, k - b a y k r 

If we assume the existence of a double-layer, the positive charges, in the 
case of a water drop in contact with air will, according to the usual conception, 
be situated upon the molecules of water, and the negative charges upon those 
of the medium, i.c., air. Such a double-layer is illustrated in Fig. When 
the two layers are next to each other, the drop as a whole shows no 
charge. If there is a slip in the double-layer due to friction or other causes, 
the drop acquires u positive charge and the medium a negative charge. On th^. 
other hand, air bubbling through water gets negatively charged, for 
preci.sely the same reason, namely, the slipping of the double layer. 



Figure 4 
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From the fact that when this drop is broken, \vc ions of both signs in 

the air, we can immediately conclude that ions come out from both the 

layers. Moreover, froxn the fact that the negative ions arc always in excess of 
the postive ions, we can conclude that ions come out more easily from the outer 
layer than from the inner layer . 

When water or any other liquid comes through a metal tube, such as the tube 

of the atomizer or a jet, how does the tube get charged? We must assume an 

electrical double-layer to exist at the interface between the liquid and the metal 
tube The moving liquid may produce a slip in the layer, and thus make the 
tube and the liquid get equal and op[)osLtc charges. There is also the collector " 
action. Just as in a Kelvin water-dropper, the issuing diops in an electric field 
make the vessel get a charge opposite to those of drops, so also when liquid 
comes out through a metal tube, the tube must get a charge opposite to that of 
the drops if there is a pre-existing electric field, or the charges in the drops 
create such a field. 

It is not easy to describe in simple language as to which of the processes 
mentioned in table III is more violent. When air bubbles through water, it is 
.more or less a case of slipping; so that we get in the air ions from the layer ad- 
joining the air surfacet that is to say, negative ions. When two jets of water 
strike against each other in the air, the process is slightly more violent. But 
in this case three factors contribute to the production of charge both in the 
substance and in the air. In the first place, the slipping of the double layer 
which occurs when water moves through the tubes makes the water jets positively 
charged. Secondly, when the jets break in the air into drops, they acquire 
further positive charge and give the excess negative charge to the air. Finally, 
when the drops strike against the receiver, the positive charge is furtlier aug- 
mented, the excess of negative charge being given to the air. When drops are 
broken in a vertical blast of air, all the above three factors contribute to the 
production of charge. There is, however, the following dill'erciice ’ in the 
two cases ; — 

(1) The slipping of the double-layer during movement through the tubes 
gives to the water jets much greater pOvSitive charge than to the droi)S which come 
out slowly one after another, 

(2) The drops formed per c.c. are slightly more in number when two jets 
strike against one another than when drops are broken in a vertical blast of air. 
In the former case, action is between water and water and in the latter, between 
air current and water. The result is that in the former case, both the substance 
and the medium (as determined by total of positive and negative ions) receive 
greater charge, but in the latter the air current dislodges a greater proportion of 
positive ions so that the ratio of i)ositive to negative ions is greater in the latter 
than in the former case. 
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When a jet is directed against a receiver, the action is more violent than 
when two jets strike against each other with the result that the charges developed 
both in the substance and the medium are very much greater ; the ratio of the 
positive to negative ions is, however, very nearly the same in the two cases. With 
an atomizer the process is very violent and ions arc dislodged from both the layers 
and there is only a very slight excess of negative ions. 

The fact that in these exi)eriments, there is always an excess of negative 
ions suggests that there is one layer from which ions arc more easily removed 
than from the other* Tliis clearly must be the layer or the charges situated upon 
the molecules of the medium, that is to saj^ the air in this case. 

In the case of the substances given in table V, the number of positive and 
negative ions in the air arc found to be very nearly equal, and the substances to 
develop very little charge. The data regarding charge in the air given in the 
table are those obtained by Eve converted into electrostatic units. These results 
were generally confirmed by independent cxi^eriinents. 


Tabi.e V 

(Sprayed by atomizer) 



f 

Charge derived from i o.c. of 

substance. 

vSubstance, 

1 

Charge in the sub* | 
tance. e.s u. j 

Charge in the air (e .s, u.). 


! 

1 

Positive. 

i Negative. 

Amyl alcohol 

Negligible 


3-8 

Acetone 

M 

i 

2'n 1 

1 2*0 

1 

Methyl alcohol 

ti 

.V4 

1 

3 4 

Bthyl alcohol 

If 

3 9 

3 '9 

1 


Such substances as amyl acetate, chloroform, aldehyde, acetic acid, also 
give equal numlx^r of positive and negative ions in the air on being sprayed, and 
acquire very little charge themselves. 

If there are equal 7iuvibeu^ of positive and negative ions in the air, the 
substance and the apparatus either collectively or separately remain uncharged, 
hoTvever violent is the mechanical process to 7vhich the substance is subjected. 

If the double layer be supposed to exist in these cases it is clear that the 
medium must have derived ions from both the layers with equal ease. The inside 
layer in these cases is not more firmly adhering than the outside layer. 
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Substances generally get positively or negatively charged according as there 
isau excess of negative or positive ions in the air. 

riiis iCvSiilt is true only in those ceases where the charge acquired by the 
apparatus is small compared with the charge in the substance and in the air. 
this lesult was firmly established in the case of water in vSimpson’s experiments. 
In the qualitative experiments of Rudge, he came across some contradictory 
results showing that the substance and the medium had charge of the same 
sign. On careful scrutiny of his experiments, it appears that when dust is 
blown, or allowed to rain through a sieve, the blower or the sieve as the case 
may be, gets charged. The charges in the dust j:>articles, in the air, and in the 
blower (or sieve) are equal to zero collectively. In tliose cases \\'here the number 
of ions of both signs in the medium is very small or where the iiiimljcr of ions 
of one sign is very nearly equal to the number of ions of the other sign, often 
contradictory results are recorded in the sense that the substance is sometimes 
found to be positively charged and soinetiines negatively charged. These appear 
to be due to errors in the experiments. Kven the same chemical taken fiom 
two different bottles gives different results on account of slight differences in the 
impurities. Ihiless the samples are taken from the same source and the 
apparatus is carefully protected from stray electrification by earthed covers, and 
also sources (sources of ionisation) which might produce such electrification are 
carefully eliminated, these experiments often prove to I)c very elusive. 

Ill the case of substances given in table VI the charge in the substance is 
of opposite sign to that of tlie resultant charge in the medium, except for turpen- 
tine and acetylene tctrac'hloride. 

TahIvH VI 

(Sprayed by atomizer) 

I Cbargt' deiivctl fruiii i t'.c. of the MihstaiKX' in e.s.ii. 


i 


Substance. i 

1 

Charge in the i. 
substance. : 


Charge in air. 



Posi 

• ! . ! 
i Negative, ! 

Re.sultaiit. 

Etliii- 

+ 1-6S 


4‘25 

— i-io 

Toluene 

+ 

0*01 

0‘05 ’ 

— 0*04 

Carbon disulphide 

+ O' 02 

0-04 

0-05 

j — 0*01 

Ammonia liquid (tun 
ceiitratedl 


1-35 

2*01 

j -o-6s 

1 

Benzene 

“1 O'oy 

O'l’O 

O’ 12 

1 

1 

Turpentine 


on 2 


i 

i 

Acetvlcne tetrachloride 

-(V47 

1*67 

2*62 

j -0’9S 

1 
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Figdrk 5 

In the case of turpentine and acetylene tetrachloride the charges in the 
substance and that in the inediinn are of the same sign, because the charge 
developed during inovenient through the tube of the atomizer is large compared 
with that developed in the breaking process. This is clearly seen from Fig. 5, 
which gives the charge developed in the apparatus and the substance when 
different quantities of turpentine are sprayed. The charge ix) of the apijaratus 
is positive and greater than the charge (~.v—y) of the substance, y is negative 
and has a smaller value than .v. 


7 S O I, U T I O N S 

When distilled water is sprayed it gets positively charged, but when a small 
quantity of common salt is dissolved in it, it gets negatively charged. It is, 
therefore, of interest to consider how the positive charge changes to negative 
as the concentration of the dissolved substance is increased. The measurement 
of charge in a salt solution, when a jet strikes a jffate was originally made by 
Lenard. Subsequently, Busse measured the number of ions in the air obtained 
with salt solution jets, but, unfortunately, did not record the charge in the 
substance. The exi)eriment was, therefore, repeated. Table VII gives the 
charge in the substance, in the apparatus and the medium Avheu a jet of a solution 
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of NaCl of difTereiit concentration vS is made to strike the receiver. The experi- 
ment is a difficult one, and the values of the charge in the air, particularly the 
low values, are to be considered as rough estimates. The results are in general 
agreement witli those of Lenard and Busse. 


Table VII 

Single jet : head of water 70 cm. ; jet 8 cm. above receiver 



Charge derived from i e.c. of subslani*e (c.s u.)- 

NaCl dissolved 
in water : 
CoiK'entnition. 

In 

1 

Til i 


In air.* 



substance 

apparatus. | 

i 

1 

Positive. 1 

Negative. 

Uesullanl. | 

) 

Rntio 

Pos. 

0 

(Distilled water) 

4-0*234 

-o*T3 

n’ooS 

o* 0 Q 5 

— o'o87 

IT 

o'oo5 % 

’-o*28S 

+ 0*25 

O' 003 

O’OTC) 

— O‘oi6 

6*7 

001% 

— 0*3 10 

4" 028 

0*(»02 

0*013 

— 0*011 

6*6 


- 0-293 

+ 0*27 

j 0*001 

1 

0*003 

-0*002 

3 ’o 

ro% 

— 0 ' 3 n^ 

+ 0*20 

1 

0*0005 

0*007 

— 0*0002 

1*4 

3 '<i% 

— 0*220 

+ 0*23 

(VOO3 

1 O'OOl 

4 0*002 

0*3 


* Biisst; gave lh<* following relative values for the total eharge of possitive and negative 
ions in air : — 


Cc^in cntralion % of salt 
solution. 

“Ve ions. 

+ ve ions. 

0 

1 

40 

o‘(X\S 

100 

LS 

0*01 

66 

10 

1 

0*1 

T5 

5 

1*0 

5 

3*5 


4 

6 

.S-5 

3’5 

6*1 

9'o 

3 

5*0 

• i6'o 

2 

4*3 


PURE WATER AS UNITY PURE WATER AS UNITY PURE WATER AS UNITY 
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Figure 8. 

It will he observed that the charge developed on dro]is changes very sharply 
fioni possitive to negative, the particular concentration at which the transition 
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from positive to negative charge takes place depends on the violence of the 
process of breaking drops. This will be clear on comparing hhgs. 6, 7, 8, which 
give the charge in the substance when solutions of NaCl of different concentra- 
tion are broken into drops by the following processes : — 

it) By spraying. (h‘) By making two jets strike against each other. 

[Hi) By making a jet strike a jdate. 

Spraying by an atomizer is the most violent of the breaking processes, and 
transition from positive to negative charge on the liquid lakes place at a concen- 
tration of about 0*0:35 l^t;r cent. lScxI to this in violence conies a single jet' 
striking a receiver and in this case transition from positive to negative takes place 
at a concentration of about o‘oo2 per cent. Breaking of drops by making one jet 
strike against another is a comparatively weak process. In this case transition 
from iiositive to negative takes place at a concentration of about 5 x 10“^ per cent. 
Xheie is ai)paicntiy a reversal of the double-layer when NaCl is dissolved in 
water. A milder mechanical action removes considerably more positive ions than 
negative into the medium and thus changes the charge of the solution from posi- 
tive to negative at a lower concentration than stronger mechanical action. 

It will be observed from the figures given in table VII, that while the charge 
in the substance changes from positive to negative at a concentration of about 
u‘oo.2%, the charge in the medium continues to remain negative even when the 
concentration reaches i %. This is not easy to explain in view of the fact that 
tlic charge in the tube is positive and only slightly less than or very nearly equal 
to the charge in the substance for all concentrations from 0 005% to 1% . The 
solution came out of the tube witli a negative charge and this charge did not 
appreciably increa.se or decrease as a result of impact with the plate. The excess 
negative charge in the air may have been due to line spray from the nega- 
tively charged solution. The resultant charge as well as the ratio of negative to 
positive ions, however, progicssivcly decreased as the concentration was in- 
creased to 1%. At a concentration of slightly more than 1%, the number of 
positive and negative ions in the air was equal When the conceiilratiou was 
still further increased, the number of positive ions became very slightly greater 
than the number of negative ions. 

When a jet of dilute hydrochloric acid is broken into drops, the charge deve- 
loped on the drops similarly cnanges from positive to negative at a certain concen- 
tration. The figures obtained in o ne expeiimcnt are given below;— 

>1' ;c.s.ir). 

+ o'iSj 

+ O’CHJ/, 

-'0*jS7 

“’ 0-254 


I )i hit ion, 



11 Cl 

o'rooi2 g’ln./litro 


u 

0*00025 ,, 


ff 

0-0023 „ 

« 

, • 

0*0092 ,, 


1 , 

0*023 ji 


,1 

0*0,46 ,, 


6 
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How does the reversal of the double layer take place when NaCl is added to 
distilled water ? Is this associated with a concentration of Na*^ and Cl” at the 
surface ? This point is discussed in § 12 el scq* 

8. SOIvTD PARTIChBvS 

The case of solids has received investigation in a large number of papers 
by Shaw^^^ on tribo-electricity. He shows that when two identical solids, 
wdicther of ebonite, or celluloid, or silk, are rubbed together, each becomes 
charged in a systematic way. The charges are attributed by him to diflerential 
strain on the surfaces, caused by the rubbing. ICxpcrimcnts made by him in 
vacuum give results similar to those in open air; he, therefore, concludes that the 
results are entirely due to changes on the solid surfaces; aud not, even in part, to 
the action of films on solid surfaces. 

An elTect which simulates strain; in as much as the tribo-elcclric state of a 
solid surface is changed by the inocess of rubbing it with a fabric, is shown by 
Shaw to be due to the deposition on the surface of organic films derived from the 
fabric. These recall the primary ” films used by Sir Wni. Hardy in researches 
on boundary lubrication. 

It has been known that dissimilar materials when struck together in normal 
imi)act develop oj)posite charges. But Shaw on trial found that identical 
bodies also charge one another. A glancing blow, containing tangential as well 
as normal stresses, is best for the purpose. The result of a violent blow between 
identical specimens of insulating materials is to give a net negative charge almost 
itivarial 3 ly, whether the surfaces be standaid or strained. Prolonged blows in 
geiiei al increase the net negative charge. 

The following results were obtained by the writer w itli solid particles (i) 
issuing as a jet through an orifice of 3 mm. and striking a receiver placed 12 cm. 
beU)W, and (2) in the form of two streams moving on plains inclined al about 
100'' and striking against each other in the air. 


Tabi.k VII I 


Substance 

Weight in gin. 
per c c. of 
loose powder 

Single jet 
charge/gm. 
e s.u 

Aluuiiniuni (filings) 

1*17 

0*039 

Urass (filings) 

j *69 

-0*034 

Iron (filings) 

2*39 

-0*252 

Dust 

13 

-'0'0i4 

>Snlphur 

I *06 


Chalk 

o*.sS 

f)* 4 r 4 

Boric acid 

0*42 

-2*(>S8 

Lead acetate 

I * 48 

0 190 


Two vStreaiii.s striking 
charge /gin. 
e.s.u. 


0-054 

- 

~ 0*230 
- 3*200 
- 6*7ig 
9 *i8 () 

1429 
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The results are in general agreement with Shaw’s observations. Tire impact 
in the air very greatly augments the charge obtained by merely making a jet strike 
a receiver. 

These data may be compared with Rudge’s results (qualitative) as given in 
table IX. 


Tahi.ic TX 


of charge. 


IVIatcrial. 

Suhslanrc allowed to 

vSubstaiice being 


rain and fall on a 

sprayed. 


receiver. 


Silica 

Negative 

Positive 

IMcrcurv snlpliide 


») 

Red lead 

1 Verv .slight negative ; 

Negative 


1 soinctiines positive 


I Precipitated sulphur 

Negative Init not strong 

Positive 

Tran filings 

1 Negative 

Negative 

Chalk 

Ver}^ slight positive hut 

i M 


tending to become negative 


Zinc dust 

Negative 

) 1 

'riiarpinc 

1 

)• 

Cornflour 

i 

Positive 

(ivound crystaliscd suiphui 

1 

( 

if 


These observations show that when solid ])articles strike against each othei 
the charge they acquire is often different in sign from that acquired by them 
niainly by friction through air, namely, when tliey arc sprayed, except in the case 
of metals. 

P A R T III— I! 13 S T A N C P S INITIALLY 
C II A R O K 1) 

y. h' X V K R 1 M ti N T A L DATA 

In order to determine the precise constitntion of the donhle-layer, experiments 
were also carried out with substances which were given initially a charge. These 
show that during the process of breaking of drops, the initial charge remains 
in the drops. Each of the broken drops has a charge which is equal to its im la 

charge j^h,s the charge which it would get as a result of breaking if it had no 
initial charge. Any exchange of electric charge that lakes place hetueen tie 
substance and the medium is derived entirely from the double-layei , i sue i a 
layer is supposed to exist. The initial charge, if any, remains m the substance ; 
it is not dislodged by the process of breaking. 

The data for water are given in table X. 



Table X 

Dislilled waiet — initially charged 


/ 
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+ 3*490 I ^ 2’934 
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It is clear from columns 2, 3 and 4 of the above table that if Q„ be the 
charge acquired by i c.c. of water, initially uncharged, when it is broken into drops 
by some mechanical process, then the same quantity of water when given an initial 
charge of + or -Q^ units of electricity, and broken into drops iu the same man- 
ner, will acquire charge of Q„ +Q.. or -Ur, according as the initial charge is 
+ Qr or —Qv This means that the initial charge of the liquid has no effect on the 
amount of electricity which is developed when it is broken into drops by any 
mechanical process. This is also confirmed by the amount of electricity in the 
air given in columns 5 to 10 of the above table, which remains very nearly 
the same whatever be the initial charge of the water. 

Similar results are obtained with other liquids. Table XI gives the results 
obtained w'ith acetylene tetrachloride and bromoform : 


Table XI 



Charge per c e 

of acetylene letraehloricle. 

(e s 11 . ) 

Cliarge per v e of hroinofonn. 

(e H.u.' 

Polential 



J 





— 

t)f Kpraycr. 
Volts. 

For pn.sitivc 
initial poten- 
tial. 

For iiegntive 
initial poten- 
j t'ial. 

Mean of 

2 it 3 

hoT positive 
initial po- 
tential. 

For negative 
initial po- 
tential. 

i\Iean of 

5 & 6. 

I 

2 

3 

1 

4 1 

I 

5 

6 1 

7 

1 

0 


_ 1 
1 



— 

-2*36 

n 

— 0*126 

-i -,-87 ! 

'•u’66 

— 

— 

— 

A 

-f 0 53 ^^ 

-1-854 

-■o' fit) 

-D’h-i 


-217 

10 

4"2'So8 

-3'i6S 

■>o'6S 

1 

- 


— 

20 

+ 4-482 

1 


1 -<'-71 

1 

.1*16 

1 

-8*71 

-2*27 

30 

i 

1 

j 

1^ 


i 

1 

- jo '95 

“2 05 
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Charging by a gas jet, such as escaping steam or carbon dioxide, is fairly 
well-known. The point of very great interest, however, is that some gas will 
charge the nozzle through which it escapes or the plate on which it impinges 
positively, while others will charge it negatively. The charge developed when 
a ict of gas is made to impinge on a plate depends on the nature of the gas, its 
pressure, the diameter of the nozzle, and the distance of the plate from the 
nozzle. For instance, in one experiment, carbon dioxide, issuing lom a 
cylinder containing liquid carbon dioxide (at alioiit 70 atmospheres) throug 1 a 
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uozzle 2 mm. in diametei and striking a plate placed at a distance of 6 cm. from 
the nozzle, gave the following charge on the plate : — 


In the isl second 
In 2 seconds 

In 3 seconds 

In 4 seconds 

In 5 ticcoiids 


Charge fe.s ii ). 


- o '36 


—0*72 




— 2*7t> 

-3“6o 


There was vigorous ionisation, and the usual leak of i per cent, per minute of 
the electrometer increased to about 4 per cent, per minute in the first few minutes. 
The magnitude of charge decreases very rapidly with decrease of pressure and a 
jet issuing under very low pressure (two or three atmospheresj gives very little 
charge. 

x\cetylene, on the other hand, gave positive charge on the plate. This gas 
issuing under a pressure of about itS atmospheres through a nox/-lc, i mm. in 
diameter, and striking a plate placed at a distance of 4 cm. would charge the 
plate at a rate of o'og e.s u. /second. In this case also there is vigorous ionisation 
and the usual leak of about i per cent, per minute of the electrometer was found 
to increase to about 8 per cent, per minute in the first few minutes. 

Is the charging produced by an escaping gas due to the impinging of solid 
particles ? In the case of escaping steam, we have the water drops impinging 
on the walls of the nozzle The CO .2 comes out from a cylinder of liciuid carbon 
dioxide probably as solid particles. Acetylene gas is not usually compressed into 
cylinders but is dissolved in acetone, with which the porous mass inside the 
cylinder is impregnated, and, therefore, when it escapes, it probably carries 
with it a fine spray of the liquid. We have, however, the following statement 
by C.T.R. Wilson^ ^ : — '"According to a large class of theories the air in contact 
with the ground acquires a positive charge, i.c., by friction.*’ Are we to 
assume that there is a double-layer between air and earth's surface, and that 
the movement of air causes a slip, there being no appreciable separation of charge 
unless the velocity is great ? • 

If we assume that there is an electrical double-layer in operation, it cannot 
he that the outer charge of the normal doubledayer between the plate and air is 
removed by the impinging gas, for in that case the plate would show charge of 
the same sign both in the case of carbon dioxide and acetylene. Caij the 
development be explained by the following two processes : — 
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(1) At the nozzle, there is a double-layer between the gas and the metal 
surface of the nozzle, and the frictional action on this double layer gives the 
issuing gas a charge. 

(2) When this charged gas impinges on the plate a similar double-layer is 
instantly formed between the gas and the plate, and friction accentuates the 
charge on the already charged gas. 

II. M F: C H A N I C A L action T N 'I' H R AT M O R P II ]{ R r; 

In the atmo.sphere wc get numerous examples of generation of charge by 
mechanical action. Over the sea surface, the splashing of sea water makes the 
water negatively charged and this undoubtedly plays a very important role in the 
replenishment of the earth’s negative charge. In thunderstorms, we have examples 
of water drops striking against each other or lieing broken in a vertical blast of 
air. There are also the ice particles striking against each other and getting 
negatively charged in the higher region of the clouds. The generation and dislri- 
bvrtion of charge in thunderclouds are sulrjects which have rec-eived elaborate 
investigation in recent years. In sandstorms and snowstorms (blizzardsl we have 
other examples of generation of charge by mechanical action . h'og particles pro- 
bably get charged by condensation on ions or charged nuclei or by a slip of 
the double-layer during movements through air. 

It is essential to realise an important distinction between the processes in 
operation in the atmosphere and those in the laboratory . In the laboratory we 
are unable to generate charge without making use of some sort of apparatus, and 
the xeaction lietweeu the apparatus and the liijuid or solid particles 
always makes the drops or the solid particles leave the apjiaratus with 
an initial charge, liarthing the apparatus makes no diflcrence; wdiile 
the charge in the apparatus escapes into the earth, the drops . or the solid 
particles leave it with an equal and opposite charge. In these experiments the 
total charge is shared between the apparatus, substance, and the medium. The 
initial charge profoundly affects the relationship between the charge in the 
substance and that in the air, and we sometimes find that they are of the same 
sign. For instance, when a solution of NaCl is broken by spraying or by 
making a jet strike a plate, the charges in the substance and the air are of the 
same sign for the range of concentration o’oo5% to 1%. When 'drops are broken 
in a vertical blast of air, they come out of the tube with an initial charge, with 
the result that while the drops after being broken by the air current get a charge 
of +o’o23 c. s. u./c.c.) the total charge in the air is less than half this amount. 
In the atmosphere, there is no apparatus; the drops may form on ions or nuclei, 
and may have an initial positive or negative charge, but if tliey are broken in 
a current of air, the total charge in the air which will be derived fiom i c.c. 
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will be roughly “*o'aog2 c,s.u. and the charge acquired by the drops by this opera- 
tion will also be equal to this amount but positive in sign. This plus the 
initial charge will determine the total charge of the drops. If the drops 
break by striking against each other, the charge in the air will be roughly— o’o6o 
c. s. u./c.c. and in the drops the initial charge +o’o6o e. s, u, per c.c. 

We may give here one example showing how the calculation of charge in 
atmospheric processes is modified when we take these aspects into consideration. 
As explained in a previous paragraph, with, increasing amounts of dissolved salts 
('NaCl) or acids (HCl) in distilled water, the charge developed on drops changes 
very sharply from positive to negative. It also appears from these experiments 
that when drops are broken by a comparatively mild process, such as, by making 
one jet strike against another or in a vertical blast of air, the transition from 
positive to negative takes place at a very low concentration, roughly of the 
order of 5 x lo"'" per cent. 

Now, it is known that when evaporated to dryness, 100,000 parts by weight 
of rain water will give about o’34 part of solid matter and that most of this 
consists of sodium chloride and organic matter. This is equivalent to a con- 
centration of 3*4 X 10”'^ per cent. Near sea coast and towns the impurities are 
usually more than this amount. As the impurities are collected during the 
journey Ihi'ough air, the contamination may be regarded to be slightly less than 
this amount in the region where drops arc first formed ; also the rain which 
falls at the end of a shower is le^s contaminated than that wJiicli falls at the 
beginning. We shall, therefore, not be far out if we assume tliat the concentra- 
tion of chlorides in rain drops is always greater than 10*“ ** ]>cr cent, except towards 
the end of a shower. If, therefore, charge is developed in a thundercloud by 
breaking of drops or by drops striking against each other, and if the salt con- 
tent of rain drops be as much as the average value (0*0034%) or more, the charge 
developed is either very small positive or negative. We are so near the transi- 
tion point that we can develop very little charge by breaking of drops. It is 
only wheji the drops have very little contamination that wc can develop a large 
quantity of positive charge by breaking them. Simpson's calculation of sparking 
potential in clouds produced by the breaking process would, therefore, seem to 
need a revision. It is also probably due to this reason that the breaking pro- 
cess is no longer found to play the same important part in the generation of 
charge in thunderclouds as it was once supposed to do. 


12. now IS CJIARGK HKVELOrKD*/ 

Wc now proceed to consider the different factors which may contribute, to the 
generation of charge in the various i»rocesses employed. 

We know that when crystals are split, charges'** are found, for instance in 
calcite, selenite, mica, fluorspar, gypsum, etc. Is the charge developed by 
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strain, disruption, cleavage, deformation, etc., a pure consequence of removal of 
electrons from or addition of electrons to the two surfaces by the forces in 
operation ? As has been already pointed out by Shaw, the following factors come 
into consideration in this connection : — 

(1) The contact effects'^ somewhat akin to the Peltier P.D, between metals. 

(2) The r6le of absorbed films. ’ According to Nernst's theory the metals 
go into solution when brought into contact with liquid films, each metal having 
its own solution pressure and receiving a corresponding greater or less 
negative charge. Coehn supposes that even insulators like glass are merely 
bad electrolytes, so that even for these solid contacts the Nernst piinciple 
holds good. When a liquid rubs a solid we should have the elcctrokiiietic 
phenomenon of “ stream potential," the converse of electro-osmose, whereby the 
solid would be charged according to Helmholtz's formula. It has been shown 
by various writers, notably Knoblauch, that an acid surface has itself a negative, 
and an alkaline one a i^ositive tendency. In the first case the surface loses + (H) 
ions in the latter - (OH) ions. As surfaces are commonly acidic or alkaline, 
this must be an important factor in the generation of charge. 

(3) According to the electron theory of matter the interface P.D. varies as the 
absolute temperature, and, consequently, the temperature changes caused by friction, 
disruption, fusion, evaporation, etc-, must contribute to the production of chaige. 

(^l) The ])hysical changes in the surfaces as a result of rubbing, etc , and their 
relationship to the tribo-electric properties constitute another very important 

factor according to vShaw. 

Therefore, the net potential V can be expressed as 


V=E--P±S-M± A-T, 

^vhere K«electron surrender causing a P.D. akin to the Peltier P.D., 

P = . solution pressures (Nernst), 

S = strain effect (Shaw), 

M- moisture cfTect (French, Vieweg), 

A-acid .ttect (positive) ) 

alkaline effect (negative) ) 

T = eflect due to temperature changes at the interface. 

In any specific case, one or the other factor may lie absent, and some factois 

may become more important than the others. ,1 c • 

Coming to the question of electrical douhle-layei , Ficnke in a ^ery 
interesting paper on the surface electrical double-layer of solid and iquu 101 les 
showed mathematically that if the atoms he assumed to consist of l r, ~ If 

with electrons rotating about them, these electrons constitute ovci positive 

the metals a layer of negative electrification with a corresponding ayer of pos^n e 
electrification on the inner side of the surface, the electric dcitble-layer .£ . 
thickness thus formed, preventing the free elections fiom escapn g. 
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same way, a double-layer is supposed to be formed on the surface of any solid, 
liquid or gas, then at an inter-face between two dissimilar substances, the charge 
on either face will be the net result of the positive charge on its inner side plus 
the negative charge on the upper side of the other face. If, in any case^ the net 
effect of the combination on each of the two faces in contact happens to be a 
zero charge then clearly there is no double-layer formation. This will be the case 
at the interface bet\veen two substances of the same material This may explain 
why by breaking a liquid in its own vapour we can develop very little charge. 

There is thus evidence regarding the formation of a double-layer on the 
surface of all uncharged substances. As regards charged substances, we have 
seen that, in the exchange of electricity between a liquid and the surrounding 
medium, when the former is broken into drops, the initial charge of the liquid 
does not come into play. The initial charge of the substance must, therefore, 
be considered to be adhering to it during the process of division . The double- 
layer, therefore, must be considered to be a natural formation at the boundary 
betw’een two surfaces in contact, between solid and solid, solid and liquid, 
solid and gas, liquid and gas, etc., which remains inactive until there is a 
slipping or disruption ; it is formed whether the substances arc initially charged 
or uncharged. It is purely a boundary phenomenon and all exchanges of 
electricity during the processes described, takes place from this boundary pjieno- 
menou. In any case, the assumption of tlic existence of an electrical double- 
layer enables us to explain the observed effects more easily than on any 
other assumption. 

While we cannot say we iiiidersland yet fully how the charges are deve- 
loped we must say that we have gained in recent years a good deal of insight into 
the processes in operation. 
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ABSTRACT. The dynamics of the pianoforte string and the clastic hammer has been worked 
out, fr)llo\ving the operational nutliod lliat was adopted in Part 1. 'I'he elastic hammer is sup- 
posed to behave like* a liaid load bat bed by a ivcif^lttlcss while the string is considered 

as loaded, so long as the hammer remains in contact with it. Three different cases have 
been considered, acerding as the hammei strikes (f) very near the end (n) at a finite 
distance from one end of a semi-infinite .string (i/i) at the mid-point. Of the three cases, 
only the first was considered b>' Bhargax a-Ohosh, and afterwards the second ca.se was consi- 
dered by Das. Unlike the previous investigations on the subject, the present analysis does 
not reciuire to assume fCan/mann's miiss-conectlon. 


introduction 

In Part I the dynamics of the damped pianoforte string and the hard ham- 
mer * has been worked out by the help of operational method. In this paper we 
follow the same method for the elastic hammer, and retain the idea that the string 
behaves like a loaded string 50 long as the hammer is in contact with the siring. 
Attempts were also made to study the above problem by Bhargava-Ghosh ^ and 
Das ^ The former authors studied the case in which the elastic hammer strikes 
near the end of the string. Das afterwards tried to improve upon the analysis 
and also considered the case of hammer striking a semi-infinite string at a 
finite distance from one end. But these workers substituted the effective mass 
of the hammei, that was assumed by Kaufmauu, as such, for the actual value 
of the same. The present analysis is, however, fiee from any such assumption 
and is perfectly general. P'urtlier, it includes the case of the finite string. 

EXPLANATION OF THE S Y M U 0 L vS USED 

f= Length of the string = a+ 1>- 
a = Shorter segment of the string. 

6= Longer segment of the string- 
f== Variable time. 
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x= Variable', measured along the length of the string; 

The string is fixed at a: = o and a: = /, 

3C J — X ““ Qfm 

y = Displacement at any point of the string at a given time /, 
y a — Displacement of the struck point, x=a, 
yi -Displacement at any point, x<ia, 
y2 = Displacement at any point, ii>a. 
p= Linear density of the string. 

Ml =/oa==Mass of the shorter segment of the string, 

M2 = ^^b = Mass of the longer segment of string, 

M = /:>/ = Mass of the string —M] +M2, 
m = Mass of the hammer. 

c = Velocity of the transverse wave motion along the stiing 
T= Tension along the string = 

(h)= = Period of the free vibialion of the string, 

c 

0,=^^ = ®^ , 

c I 

c I 

tn = t-nOi, 

Velocity of impact 
J=mva. 

M=The compression of the hammer. 

2=3/0 + w “Displacement of the hammer. 

E=Iilastic constant for the material of the hammer. 

P = Pressure exerted by the hammer. 

D= Operator f . 

dl 

The equation of motion of the string is 

_ 2 d^y__ 

di^ ^ dx^ 

which is equivalent to v 

_ D® 
dx‘^ 


(17) 


• (i7'i) 
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The elastic hammer strikes at x^a, and il y a is the displacement of the 
struck point, we get 


_ . sinhD^e/c 
sinh Da/c 


... (i8) 


3 ^ 2 = ya 


sinh D(Z^A)/_t 
sinh Db/c 


... (i8.i) 


Following the assumption that was made in one of the previous papers/ the 
elastic load is replaced by a hard load, backed by a weightless spring, I'he 
pressure P exerted by the load is given by 


P = m Ktt (By Hooke's law) 

dl^ 


and subsequent motion of the load is given by the ccpiatioii (cf, cq. 


T.A f * 1 

Y Jx = a 


where 


= 3'fl + M 


... (icj) 


... (ly.i) 


... (19.2) 


Now with the hell) of eqs. (19.2), (1.2) and (1.^3), eqs. (19) and (19.1) can be 
written in the form 


»«D= + D ^ 1 coth — + coth — 


^ 3 '» 


)kD“h = JD 


ml)=3)„ + ( i/iD= + K ) u = JD ... (20.1) 

Now solving the syinultancous eqs. (20) and (20.1) for 3',, and u, we 


“ F(D) • 

u= fcoth Da/c + coth Db/c) ’ 


... (21) 


and from eq. (21), u= (cotli Da/c + cothDb/c) By a 

Ec 


= -^ (coth Da/c + coth D 6/ c) y,/ (21. 

Kc 


where 


F(D)=D+( T D- + T )( 


,, Da , n Db 
coth • — + coth — 
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(i) Wheu a is very small, i.e., the hammer strikes very near the end, b be- 
comes large compared to a. We have, proceeding in the same way as is done 
to obtain (5), Part I, 


D + 


ma 


As the coefficient of D* is small, it can be neglected, and we have, 
approximately, 


3’a = 


Ev 


r - - 1 

(a — ;u)'-l-v* iV (a — J 


sin (vt “ e) 


here a, u + iv and /x — iv are the three roots of the cubic 


-T. . D" + ( I + 

Kc y 

and are giveiilby 

T 

2mi c * 


ap 

3W1 


T 

Ka 


T T 

D" -f ^ D + ^ o 


me 


ma 


= 


. / T _ T= ' _ 


ini_.Ec 

m T 


4n?i" 

> 
c 

a 


2 pc_ __ 
a 


E T + c 


and m, = m + _ + 


e = ian"' — 1 

fi — a 


zm. /t 
Tm 


(23) 


(24) \ 


.. (25) 


when the load is hard, i.e., E = 00, eq. (23) becomes same as that given by 
Kaufmann, for undamped string [vide ICq. (7), Pt. Ij. 

Attempts were made to study a similar case by previous workers such as 
S. Bhargava and R. N. Ghosh ^ and also P. Das/ Das attempted to make some 
improvement in the analysis given by previous workers. But even his treatment 
does not go without criticism. Das has assumed the corrected mass of the 
hammer due to Kaufmann as such and builds up his theory which when transla- 
ted in the present notations should give an equation (vide eq. 6, of his 
paper 
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But the subsequent results obtained by Das are based upon the equation 
(vide eq. 8, of his paper ’) 


T D -’ + I . T ^ 


Kc 


ba ■ "" f ^ ^ - o 

ha 3nt„ L, / m„f „i„a 


which, however, does not follow from the preceding steps of his analysis. 

The expression for y„ in eq. (23) is perfectly general and is ficc from 
Kaufmann s assumption for the mass correction used by Bhargava-Clhosh and Das. 
This equation, however, may be solved rigorously by following Cardan's well- 
known method. 

From eq. (21.1) wc get with the lielp of eq, C1.2) for this case, 

n T r D^a . , c 1 . . 

c L a J 

= ( I) + ^ I (neglecting the term containing -- which 

c \ a J 3r 


is very small). 


... (26.2) 


Now, substituting the values of ya from cq. (23), and after proiier oi^eration, 
we have, from eq. (26), 


— P=E'i’o sin {vl—e) + Atie^^ cos (vi -e) 

where, for eq. (26.1), 

1 1 (“ - /*)■ + !• 


(27) 


A, = -1- a -I- 

\ « 3C 


/ 


Aj ~ j ~ j / vV (a — 


(27.1) 


and for eq. (26.2), 


A. - + a 

\ a 


A| , A2 =( “ + /' jAa/v , 


= 1 U/ (a - nf + v= 


(27.2! 


«, a, ju, and V are given in cq. (25). 
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Equations (27) represent the pressure exerted by the elastic load at different 
times, during impact. 

Sc mi*i 7 i finite siring : 

(a) The clastic hammer strikes at a finite distance a, from the fixed end 
,-^=0 of the string, the other end x=r being at a very large distance from the 
Struck point, i.c., 6 = cvi. 


From cq. (21.3) 


F (D) = D + (?! 0 '-^+ 


L lie 


1JIC 


cotli - + 3 

c 


V Ec me 


I — c 


-DO I 


r 


whence 


_ 3 — e ^ 

DjDa 


D.Ua 


-1 


where 


L),=D + g 


and 


D-i = D+p 


... (28) 

... (29) 
. (29-1) 


and —q and are the roots of the equation 

D^+ =0, 

2T VI 

and are given by 



From eq. (29), 


ya = iq+P) 



{q + p)D 


D,D2 


-D^i 

e 


\(q + p)^D‘‘‘ 

_(gtp)D 1 -2D01 

l~ DfDi . 

DWI S 

)(g+f>)’’r>" 

(q + pr-^D”-' l^-nDO, 


> D^. DS \ 


“/ 1 (t), +} 2(1- ~ i \iU) > i 2(^)3 

+ +/«.! (In) -JM ; ('Vide Appendix), 


(29.3) 


(294) 
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where (vide Appendix 3 —6) 

fi{i) = v„A (i-e J-(i — e 

q p 






. e 

(i— A + q/i) + 7 — (i + A + :^)ti) 

P 


^ (A-A2)+4(3A-i)gf2-‘l'‘'i 


(so) 

(30.1) 


1 


p h 


2! 


(30.2) 


and so on, where A vStands for {q p) I ip — q). 

The first term of eq (eg.^) is zero for negative values of time; for positive 
value, i,e., during o< i <(9, 

ya=f\iO ... (31. t ) 

After time the second term no longer vanishes, so, during 

:y«'=/i( 0 , +/2(/i)-/i(^i) ; . (31.2) 

during 2^i</<3<?i, 

3'a (0 +/2(^l)^/l (^1 )> +/s(^3) J ( 31 ^* 3 ) 

and so on. 

The values of ya at different intervals, as giv^en by eqs. (31) and (30), are 
same as obtained previously in a different paper following different methods. 

13b 

From e(| (21.2) we have as coth — >-i when h is very large, 

c 

--P — - f coth +i^y// 




So, neglecting the sign for the time being (as r=F/w), we get the expression 
for pressures at different intervals. 

Pi= 


= 2 pVfCA(e 


Pfl = 


jT 


••• (33-1) 




=Pa zpvocA^ 


I 

{A-qti)-c~^*' (A + N,)J; ... (33.2) 


8 
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Ps = 


2 T 


=P2 + 2pDeCA® 


/i'(0 + /a'(ii)+/3'Ua) 

-qh I 




i(3A®-i)-4(3A + i)gt2 + 


2 ! 




— (33-3) 


and so on. 


(b) The values of q and as have been found, are already given in 
eq. (29.2). Now, when 


KC\*^4E . i>^E 

m ’ ’ w" T ’ 


2t 


the same eq . gives 


,=^=EC . 


4T m 
and Di=Dg = D + q. 

So eq- (29.3) becomes, with the help of eq. (34-1)1 


- (34.1) 

... /34.2) 


y« = 


2q , i 45®D _ _ 2g I — D^i 4. j_ 4 <f^ D 

(D + g)* / (D+g)^ (D + g)* j | (D+g)® (D + g)^j 

. i(2g)"D"-' _(2g)"-'D"-^ j 

j {D + g) 2 " TD+g)**!""*) 


+ + + . 




where {vide Appendix i — 9) 


hit) = 


2Vo 


1—e (i+gO 




3! 


/ It ) = ^ -g^aj (qli)* _ I 

hit.) ^ e j— ^ 


v„ ... (35-1) 

... (35-2) 

... (36’i) 

... (36‘2) 

(36'3) 
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q I (n + i)! (n + a)! 

jLf \r-l w-2rv (Qtn^i 

+ ( ) , C.-l - - + + ... 


\n-2 

(an — 2) ! 


... (36.4) 


The values of ya at different intervals are given by eqs. (51) and (36) and 
the corresponding expressions for pressures as in eqs. (33) are given below, with 
the help of eqs. (36), 


(37' i) 

( 37 ' 2 ) 


Pi= //(l)=4/u)oc c 

c 

Ps = Pl + ~-fM=-Py + BpVoC 
P,=p,+ .-2jy;(g^p^+i6pa,oc -2 + (37-3) 

l\ = P. + ^- fAi.) = Pa + Z^pvoc e ~ -- 


+ 3 


(qt.,)® _ {qQ_! 

6! 7! 


— ( 37 ' 4 ) 


\=Fn-, + 

c 


\n+r-\ 


(37's) 


-P r n 3^»-l =5 ( ^'■“1 "-Ip 

1 + 2 0^ ^ ' V-r + l» j *■ 

(c) When J i.e., — ^ <-^ , both q and p become complex 

\ 2I / m m T 


quantities, from eq. (29.2) 


h. p]=P + ^'^> 


where 




(38) 
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Now putting these values of q and p in eqs. (30) we have 
hit) =-^- .-vo\ sin[vi'+tau ^ 

V L/< +v Vm \ /* / 

hiti)= sin vii cos vti "j; 

J 

V(;x® + v“)|v* f/. sin^Wa— tan ^ -- — ^ 


(39‘i) 

( 39 ’ 2 ) 


hih)= ^5 -Vo f 


+ v/ cos 1 — tan 


— 1 V 


^ + <2vi2 cos v/0 — 3 sin 


( 39 ' 3 ) 


and by the help of eqs. (33) and (39) we have 
Pi=4pVo c ^ e ^**siu vt ; 

V 

p3=Pi+4P V(jC ^ c ^ 

P 3 =Pa + 2 pVo c 


(qo'i) 
; ( 40 ' 2 ) 

l^\(3M-~2v^t2) sin v/j— (i+2/</a)i' cos vi-j i 


V + ,v/j cos( I'ij — tan ^ - )— /isiu i’<i 

V M / 


1 


+ v'p* + v^ I pia+i),v COS fv<3 — tan 




+ sin ( via — tan ^ - 
\ /^> 


... ( 4 o' 3 ) 


and so on. 


Finite siring : Hannncr strikes at the mid-point. Now in this case b=a 
and eq. (21*3) becomes 


F(D)=Df(^-D® 

\ Ec me 


) 


coth 


Da 


— Dj Da I— i — 

(a+^>)(I-e-r>^l) i ( "D,Da " 


I>C 


-D^i 


.. (41) 


Therefore, from eq. (21), 


y« 


—iq+p) ii- c ) 


D,Da 


/ D, Dj 


— I 


... ( 42 ) 
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where, as before 

' DiD2s(D + £i) {D + p)sI)^+ 

2l rn 

auci, — g and — ^ are the roots of the cq. . 

From eq. (42), 

to!’- 

-(’tr -)■ 


D1D2 




1 

M 

1 

M 


2{q + pVD 

__ 

_ 2 {q + p) 

D\n/ 

DjD. 

+ 2{q + p} 

L-2D^x 

DiD. 

r 


.t-o 


(43'i) 


I X y} j.. 


._i^{q + py-T> _ 2{q + p) I-SBO, +1 

Dxi), ) +... +|- 

— o®”> {^J + -..-I |.(_)r 4.«-l ) ^w-r ’’_ 


+ _+ (-)” 2((7 H-/^) ( -«D^i 

‘ ^ d.d, 


^>0 ; 


.. (43'2) 


— /i(0. + 2/2(/i), — 2/i(<i),+.'l/a{f2)— 6/2(/2) + 2/i(t2), +S/4(<3) — ifi/af/.,) 

+ — 2 /i(/ 3), + + , +... + , +2"yn + )(t«)~2”‘‘.(n + l)/„(i«) — ... 

+ (-)''0lC,. + ”-‘C^-')2'‘-7«-r + xa») — • + (-)”2/x(i«). - (43-3) 

Tlic values of these functions, when ( are given by eqs. (30) 


2T 


m 


vvlien^^ j are given by eqs. (36), and when ^ 

by eqs. (39). 


Ec r - 4E 


ni 


are given 


As before, the displac'cnieut of the struck point during contact in different 
intervals, can very easily be obtained from eq. (43.3)- 
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During 

0 <t <di 



y^—fi (<) 

... (44 i) 

During 

0,<i<2e^ 



y'a ~fi 0), + 2 /a (ti) 2/1 (f j). 

• •• (44’2) 

During 

t < 3 



3'«=/l(0, + 2/a(fi)-3/i(/i), + 4/3(<J-6/aU3) + 2/i(y, ... (44'3) 


and so ou. 

The pressure exerted by the liaimiier is numerically equal to liu, which by 
tlie help of eq. (21. 2j, as b=a in this case, is given by 


n 2 T ii Dd 1 

P=-^ COth - . D'a', 

C C 



• •• ( 45 ) 

The eq. ( 45 ), by the help of ( 43 . 3 ) , 


P = /l'(0, + 2 /' 2 (tl), +4/'a(/2) — + 


"S/'s (t3) + 2/'2(t3)> +, +• 

... ( 46 ) 

Whence we get 


Pj = -"-/i'W; 

... (47-ri 

C 

• (^ 7 . 2 ) 

P3=P‘2 + ^^^|^2/'3(/2)— » 

••• (^7-3) 

P4=P.3 + ^'^|^4/'4(t3)-4/'30.i)+/'2(ia)j ; 

••• ( 47 . 4 ) 


and so on. 


In order to study the pressure functions obtained in this paper, we consider 
a particular case of a string and hammer system. The hammer, of mass 21.2 gms , 
strikes at a distance // 10 from one of the fixed ends of steel string, of length 
600 cms., of linear density '05 gm./cm., stretched under a tension of 38.5 kilo-gm. 
weight. 
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The curves in figure i show the variation of P with cl. The dotted curve 
marked (a) is for the hard hammer. This is obtained with the help of the exact 
formula obtained in Part I or by the help of formula (33) for E=(X. The curve 
(a) shows that the impact ceases in the fourth epoch. And the duration of impact 
obtained graphically is 1.51 x io~®sec., the corresponding observed value being 
1.48 X lo"** seconds, however, is very good agreement. 

Next we consider the case of the clastic hammer for two difierent values 


of the elastic constant. The curve (b) represents P-ci curve for ^- = i . Here the 

formula (33) i,s used, as this values of makes q and p given by eq. (29.2) real 

and unequal. The pressure is found to terminate during the fourth epoch, but 
the duration of impact is greater than what is given for the hard hammer. The 

curve (c) represents the same for -=3.77 x Here the formula (37) is used, 



FlGURl^ 1 


as this value of 
the fifth ei>och. 


r 


makes q and p real and e(iual. Tlie pressure terminates during 
Any \'aluc of less than .0377 for, the present system, will make 


q and p imaginary and unequal, and so eq. (40) is to be used. Now comparing 
the curves ''a', (b), (c), we find that, as the hard hammer is replaced by an elastic 
one, the discontinuous periodic rises of pres>sure lose their sharp angularities and 
well-rounded humps appear instead. As the value of E is diminished, humps 
l>ecoinc less and less pronounced, h'urthcr, we find that the duration of impact 
gradually increases as the hardness of the striking hammer gradually decreases. 
But the duration is not much aflected with the slight diminution of the 
hardness, and tlie ai)prcciable change of hardne.ss to a smaller value will cause 
a sensible increase of the duration of impact. 


of 


The relative intensities of over-tones will increase with the rise of the values 
pressure-maxima of these curv'cs. So the over-tones grow feebler as the 
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hai'diiess of the hatriincr decreases, and the corresponding delayed scperation of 
the hammer from the string will further damp the growth of the over-tones. 
Again, we find that the pressure exerted by the hammer and the corresponding 
rises of the maxima are directly proportional to the impinging velocity. Hence, 
for a given elastic constant of the hammer, the over-tones grow feebler as the 
impinging velocity changes from a larger to smaller value. In other words, for 
a large value of the impinging velocity, the hammer undergoes more compression 
than what is expected from Hooke's law. So its cflfective hardness increases, 
and tone produced loses its softness. This ’^fact is evident from the photograph 
of the vibration of the string as obtained by the writer (Fig. d, Pt. 27). 

:t: 

The curves (b) and (c), in broken lines, represent the case (b) and (c) respec- 
tively draw’ll by the help of the approximate formula (27) Though this formula 
is more general than what is obtained by Bhargaba-C'diosli ^ and Das,*^ yet its 
validity is questionable. These approximate curves give greater values of the 
duration of contact than tliose obtained by the exact formula. As the area 
bounded by the curve and the time axis is proportional to the total change of 
momentum, the area bounded by the exact and approximate curves should be 

* H' 

nearly equal. But comparing (b), (b) and (c), (c) it is found that the discrepancy 
becomes more and more violent as the clastic constant gradually decreases. The 
derivation of the formula is based upon the solution of tlie eq. F(D)=^o given in 
eqn. {21.3). This is reduced to a cubic equation on the assumption that a is small 
and E is large {vide eq. 24). 

For small values of E, F(D) cannot be replaced by a cubic, but the equation 
of higher degree will come in. So the approximate formula (37) fails for small 
values of E and for large values of a. 

My best thanks arc due to Professor K. C. Kar, I). Sc,, for the interest he 
took in the work. 
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(q±pny^ 

Ib-^qriB^pr 




={g+pr 


blfDS 


I’O 


= {q + pr. D”'3. p" 



4 . ( - \» V 


r(n fr—l) ar-\ P 

r(n)r(r)'-' ' b,"-"*’ 

1 1 


r=i 
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=A.%oD”-=» f I (-)'•“> r-’ e-^‘. 

Lr=:i 0) (n — 7')! 

r = i (n“r)lj 

=A"«„ I s (-)'-■ ‘MFr "'••• (r>-8)-^ ■ 

^ (n-r)!j 


r(n + r-i) 


+ (-)" S .M„-rr-i; Qr-\ -p, /p,. 

, = x r(n)r{r) 


and 

(i i) in'U)=D. J„(t) 


also 

(i-a) 


[i, ®->- -.f-v 

^'->1, "S’sm- T^rtl] 


JniOe 


where Di=(D + <i), D 2 = (Dh-/>), ;8 = — ? — andA=0(g + p), 

p-q 

So, /3t/ = J(A — i), and *3^}=J(A + ih 


(2) 


> 


=^’'» [ d‘, - i _ 


(3) 


putting ri = 2 in i, 


=A®i-o 

- (i I\"\-L]t)+ 1 

_ *1 ^ J 

(4) 

(q i-pY'^D* . . - , 

Diur 

for n = 3 in 1 , 


=A'’ro 

r~D" ItA^'i-rA) +M3A-i)<2i- 1 


+ ' 

’ 1'^ A(n- A) + i(3A + i)/-'f + -Y^, U 


9 
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(5) forn=4 in I, 


= Ai»o 1^ -‘- jiCl - A-)(5A“ - i) + (sA® - 6A + 2 )qt- ( 2 A - 1 ) | 

|i('i+A)(5A2,+ i) + (5A2 + 6A + 2)/)/ + (2A + i) 

( ' ! 3 ! 




( 6 ) 


• />- 

iq + 

Dt 1)^ 

A-’i'o 


^’o~/d (<), for n = s in i, 

, - £j/ ( 

vS (A-i)(7A‘‘*-3)+JI(35A=’-i5A'''-7iA + 59)'7/ 


- 5 (5A« : f + i(5A - 1) [ 

2 ! 3 ! ,1 ! j 


-Pt 


|s-fA + i)( 7A2 - 3) + sf35A'* + isA^- 71 A -59).y5i 


and so on. 

( 7 ) 


2! 3! ,1! 


Whdi q-pi (1) becomes 


{2q)"D 


« 1 'i V/ - 1 


= (2q)”D 


{D+qV^” 

« T> « — 2 I-) 


^ -Vo—fn it) 


4»n-l 




= (2(j)?rof ^ (D-q)’'““ 

{2n 


-1)! - q [T^iTiTT 

„_2 

(2n - 2) ! I 


(n + 2 ) ! 


H 1 — ... + ( - ) 


'{D~+qyi for q=t> in (2) 


^ 2 f a 1 . 

gLl) + ‘i ^■(D 4 q) 2 j-“ 

_^r _p _ i ~] 

L J 
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(9) 


(2g)“l) 

(D+g)' 




for n=2 ill (7) 



(qlV 

31 


(10) /3(^), /+(0) IrM) etc., are obtained by putting h = 3, 4, 5, ek\, 

respectively. 
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ABSTRACT. It is now recognised that layer-^ of iouiznlion maxima capable of reflecting radio 
waves, not unlike those existing in the upper ionosphere, arc also formed in the middle and the 
lower atmosphere. The mode of reflection of radio waves in these dense regimis of the atmos- 
phere must be different from tliat in the upper R and V ionospheric regions where the colli sional 
frequency is small compared with the exploring wave fretiuenc>‘ and the refractive index lias a 
value less than unity. In order to investigate the mode ()f reflectioti fn mi these lower ionized 
regions, curves have been drawn depicting the variations of ^ (refraefive index) and k (absorp- 
tion coeflicient) witli N (electron density) for vatimis values of (('ollisional frequency) appro- 
priate for the dense middle atmospheric regions. It is found that near certain values of N de- 
pending on the value of the collisional frequency, fi increases rapidly vvitli increasing N. If for 
ail ionized layer in the middle or the lower atmosphere N has a value corresponding to any of 
these, then near its lower Ixmndary N ^^■^!l increase wifli height and may produce large variation 
of ju within distances small compared with the exploring wave-length (measured in 
vacuum), vSudi regions of rapidly varying will be able to cause reflection of radio naves. 
Probable reflection coeflicieuts of such regions are calculated with the help of the dispersion 
and the absorption curves using the expression of reflection coeflicient for metallic surfaces. 
Cases considered arc r-io®, lo^ and 10'^ per second for wave frcqucney .j Me. /sec. Calculations 
show that for the above values of v, the corresponding values of N near whicli n rapidh’ changes 
are io®'6, 10^ ‘8 and lo®'® per c.c. 

Possible modes of formation of the ionized regions arc also considered hy applying 
Paiinekoek's method to the cases of the first ionization potentials of (i2'2 c.v.) and {i^’S 
e v.). It is found that the height of the ionizaticm maximum for N2 agrees with the height of 
the Tijj layer (140 km.)- Similar calculation for O2 yields an ionization maximum the height of 
which corresponds to the L) laj'er (55 km.) . back of knowledge of the ionization potentials of 
O3 prevents calculation for the ionization maximum which may possibly be produced at lower 
heights corresponding to the C3 layer (30 km.), 

I. INTRODUCTION. 

Recent investigations show that besides the two main strata of the iono- 
sphere — the E and the F layers in the upper atmosphere— ionized layers are also 

» CVnnmunicated by the Indian Physical Society. Some portions of this paper were origi- 
nally drafted by the senior author in collaboration with Dr. H. Rakshil. The paper as present- 
ed now is, "however, on a plan different from that originally contemplated. Dr. Rakshit being 
abroad* is unable to collaborate witli us in the present communication. 
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formed in the middle and the lower atmosphere which may. under suitable condi- 
tions, reflect radio waves. Kvidence on this point was obtained in 1936 from three 
independent observations made in three different countries of the world. It is 
now convenient to divide the ionosphere into two parts and to designate the ioniz- 
ed regions above 90 km. collectively as the upper ionosphere and those below as 
the lower ionosphere. In the following communication an attempt will be made 
to review the pre.sent position of our knowledge regarding the lower ionosphere 
and also to discuss some of its properties. 

The existence of some ionized region below Iv — the lowermost layer of the 
upper ionosphere — though not definitely proved by direct experimental ol)serva- 
tion, was for a long time suspected. Various effects connected with the variation 
of signal strength and of the strength of the atmospherics from daylight to night 
hours pointed to the formation of an absorbing ionized region below the K 
layer The most casual radio listener notices an increase of atmospherics with 
the fall of darkness and, simultaneously with it, enhancement of the signal strength 
of medium wave stations at long distances. The natural explanation of this 
phenomenon is that during hours of sunlight the comparatively dense atmosphere 
below the K layer is ionized where, on account of freijuent collisions between 
electrons and ions and the neutral gas molecules, radio waves are strongly absorb- 
ed. When the ionizing solar radiation is withdrawn v\ ith the fall of darkness the 
ionization disapi)ears quickly on account of rapid recombination and absoriltion 
of radio v\'aves ceases. Though the 'existence of such an absorbing ionized region 
was recognised by radio investigators there was some difference of opinion as to 
its actual location . Apjffeton in 1928 suggested that the layer was situated at 
about 60 km. height and that it could also deviate radio waves.' He designated 
it as D layer. This view was not, however, pressed in subsequent years by 
Appleton’s school of investigators particularly because direct proof regarding 
its existence, such as that furnished by radio “echoes,’’ was lacking. The ten- 
dency till lately had therefore been to regard the absorbing ionized region not us 
a distinct and separate region of maximum ionization but as a sort of “tail ' or 
continuation of the E region formed during daytime. ’ 

Mitra and Syam, however, in 1935 announced that they had detected regular 
reflection of radio waves at vertical incidence from an equivalent height of about 
55 km.'' About a year later on March 8, 1936, Mitra and lihar made a further 
announcement that they had recorded echoes of radio waves from still lower 
heights.'' (Actual photographs of,echoes received from these low heights were 
published shortly afterwards by Rakshit and Bhar**). Soon after Colwell and 
Friend^ from West Virginia, U.S.A., reported the recording of echoes from 
regions between 55 and 5 km. and a little later Watson Watt, Bainbridge-Bell, 
Wilkins and Bowen® announced that they also had occasionally recorded echoes 
from similar heights. 
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These observations from three independent sources situated in three widely 
different parts of the world showed that the atmosphere below rjo km, is also 
stratified particularly during daytime into ionized layers like the upper ionosphere. 
The layers were found to be grouped roughly in three different heights ; one at 
about 55 hm. another round 30 km. and the third in the uppei* troi^ospheic bet- 
ween 5 and 15 km. It is now generally agreed that the\s5 km- layer, which might 
be said to have been rediscovered by Mitra and Syam, should retain the original 
designation— the 1 ) layer— as suggested by Appleton^ and that the 30 km. and 
the loner layers should be called C regions -C2 and Cj for instance, 

Rellcctions of radio waves from these low heights raise points of great theo- 
retical interest. iMistly, what is the mechanism of the reflections? The usual 
lurcles Larmor theory of bending of radio waves by an ionized atmosphere is, on 
account of the higli collisioiial frequency between the electrons and ions and the 
gas particles, certainly inoperative. Secondly, in any mode of reflection in which 
a large density of ions or electrons is necessary (as it will presently be shown lo be 
in the present case) the question arises — What is the origin of the ionization at 
such low heights of comparatively high atmospheric density ? 

IM ( ) I) 1\ O V R !•: V ly K C T 1 (.) N V R O M h O W P) R TON O S P H K R I C 

b A Y B R vS. 

The conditions of the usual l%cclcs-lyannor mode of reflection is that the re- 
fractive index /a should be less than unity^ — the actual minimum value of /a neces- 
sary (for total reflection) depending upon the angle of incidence of the waves. If 
the incidence is iioniial, as is UvSually the case with ionosplieric exploration by the 
pulse method, /a must be very nearly zero in order that total reflection may occur. 
Now in a region of high colli.sional frequency v such as in the lower ionosphere, 
V >> />, p being the angular wave frequency, and the value of /a can never 
approach zero. In fact it will be seen from the curves given below that its value 
may considerably exceed unity. Total reflection for vertical propagation or even 
for i3ropagation in directions approaching the vertical — for which the necessary 
condition of reflection is <Ci — will thus never take place. 

There is, however, another possible mode of reflection in \\-hicb /a need not 
approach zero value. The condition for this mode of reflection may be described 
Viir Htpiii change dJ aiciili inacasing clcciwn density 7 C'ithin a distance small 
compared leitb one ractium ivavc-length of the propagated leave. Wc will show 
that in the lower ionosphere wheie on account of large value of r , /a is always 
greater than unity, reflection takes place according to this condition. 

In the regions considered by us the colHsional frequency v is much greater 
than pu — the gyromagnctic frequency. The earth s magnetic held ^A ill therefore 
have little effect on the mode of propagation. We can thus find out the values 
of // and X from the simple Kccles-Larmor formula : 
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Separating the real and the imaginary parts we have 


and 


2 /‘X= , 


13 




(l) 


(2) 

(3) 


Kliniinating x between (2) and (3) we get 


2fr 


2X 


:= J 


'= v 


1 + 


2«+ r 
a^+ 13 - 


. 2a+i 


a2 + |8’ 


«“ + i8“ 


+ i 


— I 


where 




m 

4 


/8=: j) V 

4 TT Nc^ 

M — refractive index 
X — absorption per leng th of path Xjz^ 
e, m — electronic chaige and mass 
and p — angular frequency of the exploring waves. 



(5) 


It will be seen that the expression for /i^ (cqn. 4) can never approach zero 
for any value of N so long as v » p. This is also evident from the curves 
(continuous curves) in figure 1 which depict the relation between and N for 
different values of v as given by eqn. (4), These curves are drawn for a wave 
frequency of 4 Me- /sec. It will be seen from these curves that near certain values 
of N, /A® increases rapidly with N. Such regions of rapidly increasing n may 
cause reflection of radio waves provided that the gradient of ionization is so sharp 
that large change of /a occurs within a length of path small compared to one 
vacuum wave-length. This type of reflection may be termed metallic reflection. 
Wc can now make an estimate of the reflecting power of the ionized region in 
these circumstances with the help of the formula'"* 


/,9 = + 

+ 1 2 /Ji 


( 6 ) 


where x is the absorption per length of path X/an-, A lieing one vflCMum wave^ 
length. 
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; (]) |,r.-]r,B y^-io9 p2 . v=lol0, 

Figuke 1. 

Ill Older to evaluate p- from this equation a knowledge of x® is required. This 
is ol)tained from the curves (dotted) in figure i delineatiug the relation between 
and N drawn with the help of equation (5). The values of //“* for different 
values of N and for each value of v are then calculated according to equation (6) 
and curves drawn therefrom (dashed curves. Fig. i). 

It will be seen in the figure tliat for each value of v the p® — N curve .shows 
abrupt increase in the value of p® near values of N for which /r® also undergoes 
rapid increa.se. It is therefore quite possible for reflectic^n of radio waves to occur 
from .such a region even though the cpllisional frequency be high. An important 
point should, however, be stressed here, h'or rellectiou to occur with appreciable 
intensity two conditions must hold. Firstly, the change of p- must be con- 
siderable within a length of path smaller than one vacuum wave-length and 
secondly the ab.sorption must be small. Both of the.se conditions cannot be 
simultaneously satisfied- unle.ss the gradient of ionization is very sharp. If the 
boundary is diffuse, the ionized region will cause absorption rather than reflection. 
We suppose that this is the reason why reflections from the lower ionized layers 
are observed only occasionally- 

The curves given in figure 1 enable ns to estimate the probable values of the 
ionic density necessary for appreciable reflection from the ionized regions D, 
and Cl in the lower ionosphere. If we assume aii isothermal atmosphere at a 
temperature of 200“ K above the troposphere, the values of v are l•9IXIo^ 
491 X lo'Jand s’cjS x 10'" per second at levels of 55, 30 and 10 kins, respectively. 

w 
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Case I. v=io®— The N curve indicates that rapid increase of /t® 
occurs when N is of the order of lo®'®. The reflecting power for this value of 
N is o'23. In other words, the reflection coefficient p, t.e., the ratio of the 
reflected and incident amplitudes is which is quite considerable. 

Cases 2 and 3. v = io® and 10’®- In these cases, rapid change of occurs 
for values of N of the order of lo^'^ and lo®"’’ respectively. The reflection 
coefficient, as defined above, for both these values, is as high as o'45 nearly. 

It is thus seen that l ellections from the low heights may occur with 
sufficient intensity even when the collisional frequency is as high as 10" to 10’,® 
per second . 

3. I' C) R M A T I O N OP I O N T 7, R O h A Y R R S AT I. O W II E I O IIT R 

1 

We ill now discuss the possible mode of formation of ionized layers 
at low hci^^hts by the application of Pannekoek’s theory.^*'’ ’’ Apart from the 
fact that reflections of radio waves are occasionally observed from the lower 
ionized regions evidence has recently been obtained from a novel phenomenon 
which definitely shows tliat solar ultra-violet radiation is capable of producing 
ionization at levels below the li level. This is the phenomenon of radio fade 
out in which bright chromospheric eriijitiuns in the sun are found to be accom- 
panied by radio effects such as cessation of ionospheric echoes and strengthening 
of atmospherics and long wave signals. ThCvSc effects can only be ex* 

plained by the hypothesis that the ultra-violet radiation from the solar eruptions 
penetrates the denser regions of the atmosphere below the li layer and j produces 
ionization there. It is thus very reasonable to assume that the ionized rcigioii in 
the lower atmosphere above the ozone layer is also produced by penetrating solar 
ultra-violet radiation. 

Our knowledge of the mode of formation of ionized regions in the ui)pcr 
ionosphere will help us to put forward tentative liyj>othesis regarding the ionizing 
processes in the lower ionosphere. It is now recognised the each ionization 
maximum in the upper ionosi^here i.s associated with a paiticiilar gaseous 
constituent of the atmosphere and a particular ionization potential 
Thus it has been shown tliat^^ the region owes its origin to the 
photo-ionization of atomic oxygen (13-55 c.v.), the region to that of 
Na at its second ionization^ potential (18.67 and the Ki region to that 

of Oa also at its second ionization jiotential (16.5 e»v,). If we take into 
account the atmospheric constituents below the li layer and also their 
possible inodes of ionization several possibilities present themselv'cs. Pu'Sllyj 
with regard to the ionization potential w.e have taken into account only the 
second ionization potentials of N. and when considering the upper atmospheric 
ionization. The alisorptions of wavelengths corresiK)nding to the first ioniz^ation 
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potentials of these two gases can also be expected to produce corresponding 
ioni/atioii maxima.^'' Again the atmospheric constituents already considered 
are only N., and O. Besides these gases we now know that o/.one exists in 
the middle atmosphere between 20 and 50 knis. and possibly atomic nitrogen in 
the higher levels of the upper atmosphere. The following are therefore the 
possibilities of the production of layers of ionization maxima besides tliose 
discussed above : — 

Absorptions of ultraviolet radiations leading to (i) ionization of O. by w ave- 
lengths corrosponding to its first ionization potential (A 1012 A), Hi) ionizatioti 
by wave-lengths corresponding to the first ionization potential of Na (A 7Q5A), 
(hi) ionization of atomic nitrogen and iiv) ionization of (.),t in the ozonosidicre. 

Now in ordei that quantitative calculation of the height of iiiaxiiiium 
ionization and the ionic density distribution of the various layers corresponding 
to the above processes be made it is necessary that we know the following for each 
of the constituents : — 

(0 Value of the absorption coefiicient of the region of the spectrum of solar 
radiation corresponding to the appropriate ionization potential and its variation 
with frequency. 

(ii) Distribution of density with height. 

The first of the above data is known only approximately for from experi- 
mental observations.^ ’ h'or tlie other gases we can only make rough estimates. 
This dearth of knowledge makes it difficult to carry out quantitative calculation 
with an3^ degree of precision With regard to atomic nitrogen we need not 
consider its ionization because if atomic nitrogen o.xists at all it will exist only 
in the higher regions of the atmosphere. Regarding ().; our knowlege of its 
photo-ionization is almost nil, both theoretically and experiinentally. We will 
therefore discuss the ]>ossible formation of ionized strata due to the first ionization 
potentials of N. and C). only. 

For N-j vve will utilise the experimental resultvS of absorption study by \A/(>rley 
and Jenkins. These authors have observed an ionization continuum with the 
associated Rydberg scries of absor[)tion bands corresponding to the first ionization 
potential (15.5 e-v.) with a column of 0 017 cins- of gas at N.T-P. Now we know 
from experiments of Hopfield that the absorption by No in the legion of wave- 
lengths cot responding to its second ionization potential is almost complete for 
path length of a few hundredths of a mm. at N.T.P. It follows therefoic that 
the value of the absorption coefficient in the first case is smallci than that in the 
second case l>y a factor of about 3 to 5 In the paper by Bhar above refeired to 
the absorption coefficient for wave-length corresponding to the second ionization 
potential has bjcn taken as i.g x cm/^ per molecule. We uia> thcrefoic 
take the absorptiini coefficient of N2 for wave lengths cones ponding to the first 
ionization potential as 5 x 10 cnr. per molecule. 
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For O2 it has not yet been possible to observe, prcsninably owing to 
extreme weakness, the absorption continuum for wave-lengths corresponding to 
the first ionization potential. It is therefore quite resonable to assume 
that the absorption is very weak and that the value of the absorption 
coefficient correspondingly small. As a rough approximation we may take it 
asio' ^^cm.^ per molecule which is 10“^ times its value at the second ioni- 
zation potential. This means that appreciable absorption of radiation of the 
wave-lengths corresponding to the first ionization potential can take place 
only when the radiation has traversed a path length of about a metre at N.T-Ih 

I 

Regarding the density distribution of we will assume that above 100 kni. 
it is in diffusive equilibrium, that is to say, molecules arc distributed indeV 
pendently of other constituents according to Dalton's law. It is now generally 
assumed that the temperature above too km. increases with height. We will,, 
however, take the temperature to be constant having a mean value of 
Considering the various approximations made regarding the value of the absorp- 
tion coefficient it may be expected that this further approximation will not lead to 
large percentage of error. The density of N2 at 100 km. level will be taken as 
2 ‘5 X molecules per c.c.^^ 

With regard to we will have to consider its density distribution with 
height in the middle atmosphere (15-80 km.) since the ionizing radiation corres- 
ponding to its ionization potential (12*2 c.v.) will, on account of it.< feeble absorp- 
tion, penetrate into the dense lower regions. Nou the density distribution of 
is complicated in the first place by the irregular temperature variation in the 
middle atmosphere — there being a region of high Icmperatiire round ^15 km. 
due to ozone absorption and secondly by the rapid decrease of the number of i). 
molecules in the region above 80 kin. due to their dissociation. With respect to 
the latter it has been shown that at a lieiglit of about 130 km. molecular oxygen 
is almost completely replaced by atomic oxygen. It is not however difficult to 
calculate the density distribution either in the middle atmosphere or in tlie upper 
atmosphere betw’eeii 80 and 130 km., if plausible assumptions regarding the nature 
of temperature variation and the rate of diminution of 0;;(duc to dissociation in 
the region 80-130 km ) are made. Wc will assume that the temperature at 35 km. 
is 2oS”k and that it increases linearly attaining the value of 450®K at 55 km. 
From 55 km. it decreases (again linearly) dropping to the value of i8o°K at 80 km. 
From this height the temperature increases upwards. The distribution of density 
lietween any two levels within which the temperature is varying linearly may 
be represented approximately by an expresssion of the form where is a 

constant depending upon the densities at the two levels. TJie distribution given by 
this expression is evidently that of an isothermal region of which the temperature 

h.O \ 

T = --- , where fe, m and g have the usual meanings. This value of T differs 

mg 
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from the meau value of T in the region between the two levels under consideration 
and, may be called the value of T “ appropriate ” for that region. We 
are however led to make this simplifying assumption — '1' constant — for a 
particular short interval of region because it is not possible to ai)p]y Pannekoek’s 
method when the temperature of the region under consideration is changing 
with height. The temperature distribution, the calculated values of 0 and the 
calculated “ appropriate ” values of T for the regions in the middle atmosidicre 
are shown in the accompanying Table. 


A S vS U M K D 

1 ) 1 S 'r R T It U T 1 0 N OK O2 I N T H ]<; R E n I 0 N 

It K T \V K, 1«; N 35 A N D So km. 

1 

1 

INlcan 1 

1 1 

! 

Calculuit d Valut’ | 
of 6. 

1 

“ Appropriate* ” Valuta 
of T. 

35 t'> -S.'S kill. 

i -88“ K ! 

1 


..’4S‘'lv 

55 to So kill 

I 31^”^ 

1 


3S2‘’K 


The densities at the datum levels, namely at 35, 55 and 80 km., used for the 
calculations are taken from calculations of tiliosh*'* made on the assumption of 



Ifrnctioti of Mnxitnuiu Electron Densitj 

Figure 2- 
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temperature distribution suggested by Martyn and Pulley.“" The density 
distribution of O2 between 80 and 130 km., is assumed to be the same as 
that given in Bhar’s paper above referred to.’* The value of 0 in* this 
region is taken to be 4-6 x lo"'’. The mean temperature is assumed to be 
3oo°K. 

The results of the calculations carried out with these data are depicted by 
means of graphs in figure 2 in which the abscissae represent the fractions of the 
maximum electron density corresponding to a particular constituent. 

It will be seen that the ionised layer due to No has its maximum at a height I 
of about 140 km. It is of interest to note that this is approximately the level of ^ 
maximum ionization of the layer. We arc therefore tempted to suggest that 
the E2 layer is due to the photo-iouization of Na at its first ionization potential 
(15-5 C.V.). 

The ionization maximum due to Oo occurs at about 55 km., i.e., 
much below the Ei layer. It is quite probable, therefore, that the 
D layer is formed by the photo- ionization of O2 at its first ionization 
potential. 

Thus calculations carried out for the first ionization potentials of Na and 
O2 give us two ionization maxima which may be identified with E2 ^aud D 
regions respectively. It is very likely that this latter ionization is enhanced 
during chromospheric eruptions and produces the radio fade-out effect. If this be 
so then one has to admit that the so-called U region which causes absorption of 
radio waves is not a “ tail ” or a continuation of the E region formed 
during daytime (as is sometimes supposed) but is a region of ionization maxinnim 
distinct from the E-regiou. As mentioned before the E, region is due to the 
second ionization potential of O2 while the D region is due to its first ionization 
potential. 

Lack of spectroscopic knowledge of O3 prevented us from making any cal- 
culation regarding the possibility of production of ionization maxima due 
to this gas. It is quite possible that the C2 layer at about 30 km., is due to 

O 3-ionization. 

Wtueiess Ladoratorv, 

UNI\’ERSITy COtlEGI; OF SCIENCE, 
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